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PBEFACE. 



Tan book is more than its title page prodaims it to be': it is the 
praetieal application of the Mathematical Sciences to Mensnration, to 
Land Surveying, to Leveling, and to Navigation. 

Nor is the work merely practical. Elementary principles are here 
and there brought before the mind in a new li^^t ; and original investi- 
gations will be founcf in many parts of the work. To show the reader 
how a thing is to be done, is but a small part of the object sou^t to be 
obtained : the great stress is put upon the reagons for so doing, which 
gives tnie discipline to the mind, and adds greatly to the educational 
value of any book. 

We have illustrated the subject of Ic^rarithms, and their practical 
OSes, the same in tiiis book as is common to be found in other books, and 
this is sufficient for the common pupil, or the ordinary practical man, 
whether surveyor or navigator ; but in addition to this, we have carried 
logarithms much further in this work than in any I have seen. I do 
not mean by this that we have more voluminous tables than others. 
Such is not the fact 

Voluminous tables are not necessary for those who really understand 
the nature of logarithms, and such are mainly intended for those who 
are not expected to understand principles. To give a more practical 
illustration of logarithms, and to suggest artifices in using logarithms 
generally, we have given Table III and its auxilliaries, on page 70 of 
tables, showing logarithms to hodve places of decimals, a degree of 
aocuracy which practice never demands. By the help of this table 
combined with a true knowledge of the subject, the logarithm of any 
number may be readily found true to ten places of decimals, or, conversely 
the number corresponding to any given logarithm may be found to 
almost any degree of accuracy. 

Our Traverse Table is not so full as in some other books, but it 
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is iiill enough to answer every purpose ; and latitude and departure* 
corresponding to any course and distance, can be found by it, provided 
the operator's good judgment is awake. Indeed a contracted table, in 
an educational point of view, is better than a full one ; for the former 
calls forth and cultivates tact in the student, but the latter is best for 
the unanimated plodder. 

In. running lines, and computing the areas of surveys, we have 
endeavored to present the subject in such a manner that the reader must 
constantly keep Elementbjr ^febbi^tiy Ik view, and the whole is so 
clear and simple, that many will think it unworthy of the rank that it 
seems to hold in the public estimation, but there are other reasons for 
this. 

The chapter on surveys and surveyors will be found to be a little 
peduliitir, Wt the irgbrmi^i^ th^f^ ti¥ieh, WlH be Ififh^ imM to all 
ikiM^ Whb dare liiidini!»a t6 lo<4 trpdH % i\ii^ m a mfttheniirtiealiprobiem 
only. 

On the comf)dliis, ahd the iteclinatidh df thto needle, we have b#en 
fefy full : the siibject eiiibfai^'iiiei^diiiiis alift iiiltftHiottiical lines drilwB 
on tihiiB eitrth. 

The ihahner in ^Nich ive'ilhiotiM }^rdd^ to tllidke a survey, {Provided 
iio such instrumeiit as the (66nii)aiiiis ^isti^d, ttbd there wl^e no sudh 
thing as a mtl^etic h^edle, is tkikeii u^ attd illtistrated in tiiis work; 

The subject of dividing lands is fully discussed and illustrated, fllnd 
if any one has ocicasion to cdtopkin bf ittathcfinaticid abdtrttsilj in liiis 
work, it will be fotiiid ih this Ciotaiii^tibli'; yet th^re is iMfdilBg hxaee 
above elementaiy algebra iand geometry. 

The inetiiod of takihg leveh iind hi^i^ a profile of the veartiM 
section of a line for Mi rt^ads, is "i^ fbtih in this iM^ofk. The profile 
ahowB the iiecessary excavation or ^mbahkfltient/ which it ils necessary 
to cut down or build up at any particular point» to conform to ai^ 
proposed grade that ihay be cohteinplated. 

To determine the eleVation of kny place abdve the level of the sea> 
by means of tiie barometer, has been, and now is, a very interestiiig pro- 
blem to all philosophical students, yet Veiy fe# of ih^itn have b^nitble 
to comprehend it beyond its first great j^rinciplb, the Variation of atmos* 
pheric pressure. To trace, or rather to discover the mathematical law 
which connects the elevation of any localify with the meanhight of ^» 
barometer at the same place, has been an obscure problem, and we hate 
taken hold of it with a determination to break dpeh some atehue of 
light (if such were possible) by which the simplicity bf the problem 
mi^t be brought to the comprehension of the eveify-day mathematf^Nii 
-itadent, and we beli^i^e th^t We have lui^ciecided ih the utfd^Hak^. 
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The part on Navigation, might be regarded, at first view, an abridg- 
ment of that subject, and in one sense it is, for we have studied to be 
as brief as possible, but we would never let brevity stand in the place of 
perspicuity; and however it may appear, we have given all the 
mathematical essentials of the subject, and whoever acquires what is 
here given, will find very little necessity of looking elsewhere for the 
continuation of the study, unless it is for tea kmu and seamanship ; 
but these have nothing to do with Navigation, as. a science. Our method 
of working Itinars is more kti^ ttan any other, where auzilliary tables 
and methods of approximation are not resorted to, but to attain this 
brevity, we have been compelled to use Natural Sines in part of the 
operation; but on the.p^er^iand* fhis^^opilfl f>e no objection, for it 
gives us a clearer view of the unity and harmony of the mathematical 
sciences. 
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Jior rsasong w^icji we^avo.nqt l^enB the4ipace to szplaiD, we have thought 
best to reqioYB t|ie i^^^it^r betw^jQ the.a^ juid 43d.psgq6 sf the^former edi- 
tions, jo the last chapter in the book: to fill up that spseajrith morajrimple 
and more practical matter, and to ei^^eh ^ volame with a<Mitipnal pages 
eoDtaining very ehoice miscellaneous matter. We ,af e j/i?(i\^^ ^ jy^Jfie. theie 
improvements, by the strong conviction that this work contains sll the essen- 
tials of popularity and permanency. 

Objections have been made to the brevity pf par traverse table, and at one 
tjipe we thoaght of enlarging it — but on f]ar|her r^flwtiop/ we eomshi^sd 
tliat this was a mere objection, given oatfor thotWajpt^of .;a^better Aoe. ^his 
is designed as an educational volume, and a properly educated person doss 
not require a voluminous tray.eive.taMe- ftoch* tables are mosdy intended 
for those who do not pretend to uuderstand them, and t^tucy^^fce, |mkf^.«fj<|ai|$Mi 
only for about one in a thousand of those who study fl^is ..su)^ject. The sur- 
veyor-who is in constant practice, and such persons, l^iye tables . sfj^^ajtiS 
from all other matter, in such a-formas to roll up and carry in the pocket 
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and 1»ig<eMi»k^^ tuft k HftAi it|^ w^ ^Anli jnwMtt Oiottt^oiir 
reail«l«. 

£& ihift "rokiasie ire ilMiLMdit towa w to i a i ii giairti i iniUlMaitt mtLesB 
we'^isL to {Rh^Mifft 'llMm 'in "^sobsb HKfWwm, tn* tnilcssB the Asmon- 
itaration fvnot teadily'to be 'fotuidiii Ibe pnyperplaces^ in the elemen- 
ts bodes. 

It is expected that all readers of a work of this kind, have 
pretionsly made themselves more or less acquainted with Algebra 
ttnd Geometry, and where fliis is the case the reader will have no 
diiffictdly ; and readers who are not thus prepared should be caretid 
Hot to charge ima^^inafy defeats to the book : in no work ci this 
land would it be proper to demonstrate^Teiy ^lemetitary principle. 
These remarks apply only to the ecksetOknal eharaeter of the boc^. 

Preparatory to a course of practical mathematics, it is proper to 
give such descriptions of the instruments to be used as will enable 
the operator to understand l&eir use. But some of these instru- 
ments can never be ttitiderstood from a book, !t must be from the 
Instrument itself; we might as well attempt to ghre a person an idea 
of color by the means of language, as to give a person a correct idea 
of Ihe sextant and iO^eoiddite ' by a m^re book ^eseription. It is true 
we can do somelMag by diawfadgs and desoiptione, md iSB»t sonie'- 
thing we intend to do. 

To r^pfesent pkne ft«i€aoes ind tk-atsls 4>f bad <m paper, no ^slher 
instruments are necessary than the scale* and dividers, 'and: apv^ 
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tractor to meamre angles. Li fact, erery thing can be done with 
the scale and diridera only — other instruments, aa the protractor, 
sector, and parallel mlersjonly add to our convenience ; at the same 
time they could be dispensed irith. 

ram flabi soaik. 
The plane scale, ortbeplanediagonalscaleof equal parte, as hera 
* represented, is Uie most common and useful of all the instrument* 
used in drawing. It is also a mler, and if wide and well made will 
lerre as a square also, by which li^^t angles may be drawn. 



The very appearance of this scale will show its conatmcljon, the 
side of the square a b may be of any length whateyer, it is gener- 
ally taken an inch, but this is not imperative. 

By means of the 10 parallel lines running aloi^ the length of the 
scale, and the 10 diagonal lines parallel to each other in the square 
ab e d, wt have 100 iTileriectiotu in the square, by which we are 
enabled to find any and every hundredth part of the division of a b. 

For example, I wish to find 27 hnndredths of the line a 6. I go 
to the diviuon 2 on a £, and then run up that diagonal line to the 71b 
parallel, and &om that intersection to the line adiail hundredths 
of ab. 

The distances a h, ag, g h. Sea., may be taken to represent 1, 10, 
100, or in fact any number we please. Suppose we take any one 
of the equal divi^ons ali,a;, (fee, to represent 100, and then require 
XS4. From / to s represents that distance. 

If die base a (were 10, from/ to«wouldbe83.4;if I, then from 
I to « would be 9.34 ; and so on proportionally for any other change 
of btut, or change of the unit. 

To transfer distances from the scale (as Z e, /) q, ibo.) to paper, 
we require 
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DITIDKSB. 

'DiriderB nre nothing more ihsa a delieate pur of eompusei — 
two bars tnmuig on a jnnt. They are too veQ known to nqtan 
lepresentation bjr a figore. 
Thqr are also nsed for describing nicies and parts of eiroles. 

TBI FBOTKIOTOB. 

IHm foDowtng diagram accnratelj represents this instniment. It 
tnOBstB of a senunrcle of brass ASC, divided into degrees. 




The degrees are niunbsred botb ways, firam AioS and from S 
to A. There is a small noteh in the middle of AB, to indicate the 
oeoter. 

Tol<y<^ an aitgU. Place the diameter .^£ (m the Hne, ao tliat 
the center eball foQ on the angular point. 

Then at the degree reqmred, at tlie edge of the semicircle make 
a punt with a pin. Then remove the protractor and draw a Kne 
throoi^ the prant so ma^ed and the angtdar point ; this line, with 
the ^Ten line, wiQ make the required angle. 

The reader will obserre a great similarity between this instmment 
and the circnmferentor, which is described in a snbseqaent pQrtion 
of this woA. 

This instroment is derigned merely to draw an^es tia paper, that 
to draw lines marking given angles, irith otim lines, in the field. 



M tuBTBrisa- 

In addition to this, both Um pntnotor imd circumferentor msj be 
used in takiiig levels, aad meuqriog ODjg^ of altitttde* irtlMk po 
bttltr iulrwnatM fvr taiih putjtoMa aM at btod. 

For instance, if a. delicate plumb ehould hi SiWpwdtd fnm At 
center of tJteprotiackr^ and the thread rait ftttliq pojat C^ wlule Ike 
instrament is held in a frame, then A and B would be as a lerel, 
and as many degree* u the phmib Sae rested &om C bo 
iMny di^;re«i wodd ha tfae ioeliiwliaB (tf .4 aad £ from • hopwntal 
level. 

htnk mi mi^ of tHHmdtt — p> fanwriy triw ■ tkm wiy. 

mil dM I wiwli pmvioMlr dwa«Md, min Aa bOe^ 

pnUcwK. The nf mmem •*• to Bobtoiwi'i QvHMliy. Ital. 
(Hl l^ b. I, WW. 1,} bdieatM tbMNm 14, book 1, •tnOatf I, 
wkM th0 tauHMioM of a* fPpblMintewit to vffl fci CmhA 

PftOBLBX I . 

Lrt .^ be tiw gbw Sse. «d froM to 
txtnmmm, A wad B. iiAA mj nttu 
greater ttua Om hetf of JJ (PoA »), ^ 
sciaw wee, eattbg mA other b « 4lid «• 
Join » and m/ and (7, where it cnta AS^ 
win be the sdddle of die Hue required. 

¥ntit, (th. 15, b, 1. eor. 1 }. 
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Lot j4£0' be Hie gWen b^. ^nOi any 
laSuj, from Hie center B, describe flte an 
j1(7. FrtMn A and 0, m eentera, ^rfth « 
odM pcatv Aan ihe heK flf ^<7, de- 
■dbeani,iBtaraBDtingintt,*jad jmnifai. 
it will bisect the ^ren angle. 
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PROStEH S. 

fivm a ffwm poM, in a given laia, to dram a ptrpemc&adar te IM 



let AS ba fli« given line, uid 
tbt girn point Take *waAm aqwd 
AfltaM« 0b of^KMlt* sides of C; and 
from tbe points m and n, h «wten^ 
Vidi any ndina greatM' than n(7 or 
or ■» CT, deseribe aroB cuttikg «iA othar 
fai S. ;o{d.9C,Mdit«iUbetIieper- 
pendioalaf mqtftfed. Proo( (th. IS, fa. 

The following is anotker method, vhidi 
is preferable, when Uie given point, C^ is at 
or near the end of the line. 

Tak« mrj point, O, which is manifestly 
Me ade of &te perpendicular, and join 0; 
•net irJA 00, aa a radios, describe an arc, 
eirtthig ^ J 'm m and C*. Join m O, and produce it to meet the 
arc, again, in n; mn is then a diameterto thecbcle. Join Cn, and 
It wifl be the perpendicnlar reqiured. Proo( (th. 9, b. 3). 
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from a ffbmt point nilioia a Hm, todraa a ptf^pen£e^w to thai 
Une. 

Let AS be the ^VM Ene, and C the 
ipvea pofnt. From C, ^aw aoy oblique 
tne, aa On. Tmi (he middle pomt of 
Cn by (prot^em 1 }, aad from that pcinl, 
as a oeoter, dBsoribe a semicircle, having 
<A> as » diameter.^ From the ptunt m, 
where this semicircle csts^f, draw Om, 
and it will be the perpen&ular reqmrad. Proof, (th. 9, b. 3). 
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PROBLEM 9- 
M a ^wm poitU in a tint, to maJn anmifflt egualto molhtr ffmn 

Let A be the given pcHiit in tbe line AS, 
and J>QE the given angle. 

From C as a center, with aoj ndiiu, 
CE, draw the arc SD. 

From ^, as a center, with the radius 
AF= CE, describe an indefinite are ; and 
from F, Mh center, with FQ as a radiiu, 
equal to ED, describe an are, cntling the other arc in fli, and join 
A G; CfAF wiU be the angle required. Proof, {^. 6, b. 3). 

PROBLEM 6. 
Fnm a given point, to draie a liau paralld lo a fftpm lint. 
liSt A be the given point, and CB the 
given line. Draw AB, making an angle, 
ABC; and from the given point. A, in the 
line A£, draw the angle BAD=ABO, hj 
the last problem. 

AI> and CB make the uune angle with AlB; they are, therefore, 
parallel. (Definition of parallel lines). 



PROBLEM 7. 



>r of «gual parti. 



7h divide a given line into am/ mm 
Let AB represent the given line, and 
let it be required to divide it into any 
number of equal parts, say five. From 
one end of the line A, draw AJ), inde< 
finite in both length and position. Take 
any cmiTenient distance in tjie dividers, 
as Aa, and set it off on die line AJ>; 
thus maldng the parts Aa, ab, he, Ac, equal. Through the Uat 
point, t, draw MB, snd through the points a, h, e, and d, draw 
parallels to eB (problem 6.); these parallels will divide the line as 
required Proof (th. 17, b. S). 
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To Jbut a third pn^xtT^onial to too giutn 
Let AB aad AOho »ny two lines. Ptaoe 
Qiem at any angle, and join OB. On Uie 
gKaiet]Jne,AB,Uitk%AD=AO,aiadtbKn^ 
D. draw DE parallel to BC; AS is the Ourd 
proportitHial required. 
ProoC (th. 17, b. 2). 




PBOBLEH 9. 

Jbjmd a fouftAproportionai to t^rtt ffWH Hnti. 
Let J^, AC, J A represent the A 



three ffven lines. F]ifia the first two 
together, at a point ftwming any aa^e, 
as BAC, and join ^(7. On AB place 
^A and from the point 2>, draw 
(problem 6) BE parallel to £(7; AE 
will be the fourth proportional required. 
Pro<< (th. 17, b. 8). 




PROBLEH It. 

Ibjhd Ilka tmddU, or mean proportionat, btltatea too s/um Imet. 

Plftce AS and BC 'm one right line, 
and, DTI AC, »B a diameter, describe a 
semicircle (postulate 3), and from the 
point B, draw BD at right angles to ^C' 
(problem 3); BB is the mean propor- 
tional required. 

Proof, (scholium to &. 17, b. 3). 
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PftOBLEtU It* 

Draw any tvo ehorda in the ^rea niole, 
n AS and CD; and from die middle |iom^ 
», of jif , draw B pejpesdiciilar to AB; 
Muj from the middle point, f», dnnr a p^r- 
peadicalar to OH; and where these two 
pwp^idicnlarB intersect will be the center 
of tbe cu-ole. Proo^ (th. 1, b. 3). 




PEOBLSM IS. 

7^ dram a t a * fi f l to a pbitK drdt, from ■ yJnm ^Mit, m 
«r wUund the drcvmferenee (^ (ht ctrcle. 

Wben the giren pofait ii in die cnvnm- 
ference, at 4> dra^ ^(7 lbs radina, and 
frdia th« point -^t draw Afi perpeodicnlar 
toAG; AS if Ute tangent required. 

Pwoft (ft, 4, li. S>. 



Wlien A h wltbont Hie drele, draw 
ACtaVbe center of the circle ; and on 
^C, as a diameter, describe a eemi> 
^rcle ; and from the pobit M, when 
this semidrde intersects the given 
drcle, draw AS, and it wiH be tangent 
to the MTole. 

ProoC (Ol t, b. 8), and (lb. 4, b. 3). 




OnaghmHae, to tUtcribt a tefftnent ^ a drelt, tAalti 
on tttylt equal to a given angle. 



INTRODUCTION 

Let AB be the given line, and C 
the ffven angle. At the ends of ths 
^ven line, make angles DAB, DBA, 
each equal to the giren angle, C. 
Then drair AE, BE, perpendicnlarato 
AJ>, BD; and from the center, S, with 
radius, EA or EB, describe a circle ; 
then AFB will he the segment required, aa any aag\B F, made in 
it, w31 be equal to the given angle, C. 

Proo^ (th 11. b. 3), and (th. 8, b. 3). 




PROBLEM 14. 

7b cut a t^metUJroot any ^'tvn circ2«, that ihaB c 
angle. 

Let C be the given angle. Take 
any point, aa A, in the circumference, 
and &om that point draw the tangent 
AB; and from the fcAnt A, in the line 
AB, make the angle BAD=C (pro- 
blem 6), and AED is the segment 
required. 

Proo( (th. U, b. 3), and (th. 8, b. 3). 




PROBLEM 15. 

lb eomtmct on tgwUalereU triable on a ffitien finite ttraigkl litu. 

Let AS be the given line, and from one 
extremity, ^, as a center, with a radins 
equal to AB, describe an arc. At the other 
extremity, B, with the same radius, describe 
another arc. From C, where these two 
arcs mtersect, draw CA and CB; ABC will 
be the tiiangle required. 

7^ eonttnuHon it a au^ieUiU demanilration. 




Or, (ai. 1). 



RTB 



O 



D 



PROBLEM 16. 
t^ efiMtnui u fritm^ haumgUi tkrm iidei equal to Ane gUm 

Let AB, OJ>i and JBF wpreaeixt the three JS F 

VtaoL SaheaDyoneef Aem» as Ai^ytobeene 
Ade ^ the triangle. From uA, aa a eenter, wttli 
a radios equal to CD, describe am are; and 
from J?, as a center, with a radios eqoal to JBF, 
describe another arc, cutting the former in n. 
Jom An and Bn, and AnB will be the A 
required. Proo^ (ax. 1). 




PROBLEM 17. 

lb deBcribe a eguare on a pwen line. 

Let AB be the ^ven line, and from the extre- 
mities, A and B, draw A and BD perpendicular 
to AB. (Problem 3.) 

From ^, as a center, with AB as radius, strike 
an are across the perpendicular at 0; and from (7, 
draw CD parallel to AB; ACDB is the square 
reqtured. Proof, (th. 21, b. 1.) 



PROBLEM 18. 

To eoneirud a reekmgie, or a parallelogram, whose adjacent eidee 
are equal to two gmn linee* 

Let AB and AC be the two given Unes. A C 

From the extremities of one line, draw per- A B 

pendiculars to that line, as in the last problem ; and from these 
perpendiculars, cut off portions equal to the other line ; and by a 
parallel, complete the figure. 

When 1^ figure is to be a parallelogram, with oblique angles, 
describe the angles by problem ^ Proof, (th. 21, b. 1). 
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PROBLZH I*. 

Sb deicriie a rtdaitgU Act ihall h« tgtud to a ffiim tynan, tmd 
ftotw a tide tquti (o a ffimn Hw. 

Let A£ be & ude of the ^en sqnsre, and ff i) 

OD one nde of the reqniivd reotaagle. A S 

Find the third proportioM], JPJf, to Ci* £ ^ 

a&d .4^ (problem 8). Thai we ikaH ixrt, 
CD:AB:'.AB:BF 

Omtmet s notnigle whh Ae tw» ^iwn Imes, OD and 2^ 
^imbltu 18), nditviUbeefiulleAe jib«n square, (th. 13, b.S). 

moviiM ft. 

n wiHlnNf • «gMMf Hat «UI «* fpHit to A$ i^/kmm if tm 




14^ A MfraNst » dfls «/ liM |n«t(r «f 'tw« gbeo fqww, aal 
J « ^d« <rf fee Vwwr iqwaB. 

On j1, M a Aametcr, dooBbe a aeod- 
tauAe, and from mte extrenuly, nv w t^ cen- 
ter, iritb a tadius equal to B, deacribe aa 
arc, n, and, from the point vhere it onts tb« 
circum&reacB, draw tnn and i^; q> is the 
nde of a square, which, when constmotedi 
(problem 17), will be equal to the difference 
of the two given aquores. Froo( (th. 9, b. S, and 36, b. 1.) 

PROBLEM 21. 

Ta eon^nd a $quare, that tAall be to a given tpian, at a litu, Vt 
to <t tint, N. 

Place M and JT in a line, and on the smn deacrilje a Bemkircle. 
From the pdnt where tbejr join, draw a perpendicular to meet the 
circumference in A, Join Am and 
An, and produce them indefinite!;. 
Ob Am wAn, produced, take ABta 
to the ride of the pma square ; and 
boa S, draw £0 parallel to mv 
AOma side of the required sqoaiw. 





90 8URVETIM0. 

BttidM tihe niuneriea] aule of eqnkl puts, we havs aeaka of 
ohordi, Bnei, and tangenta, whieh can be oootrocted coiresponding 
to any radtiu. 

8adi scales of eonne an not tealn t^ tgiud parU. 

Bach acalea are conatruoted in the ibllowing maimer. 

Take OA any radius, and describe a semicircle. Draw CO at 
ri^t angles to AB, and dnv a tangent line from A. DiTide tlie 
are AD mto equal parts 10, 20, 30, &c., beginntug at J), and 
Bubdlride them as miuh aa required. 

Draw 10 10,— | 
80 80,-30 30, Ae.,| 
all parallel to CD. 

From CtolOontliel 
line CA, is the ane of I 
10". From CtoZOisI 
tiie sine of 20° Mc. ke. f 

The line 10 10 i 
the nn« of SO*, and ODm CJ is the one of 90°. 

The Stance from Ato Dmtii6 chord of 90°, from ^d to 10 is 
tlie chord of 80°, and from AtofOia tiie chord of 70°, and so on 
down. Thns we pnmve that we can take off any nne or chord and 
lay it down on a ruler ; and chords and unes thus laid off constitute 
tile scale of chords, sines, Ac. 

Lines drawn from C through any division of the are, eomtnewkng 
at A to strike the tangent line, will mark off the tangent correspond- 
ing to that arc. Thus, if the angle A OH ia 30°, then the Ime AH 
placed on a scale, will represent the tangent of 30° to the radius OA, 
and thus any other tangent can be lud down on the some scale. 

The scale of chorda and nnes, as well aa the acale of equal parts, 
are to be found on the 



The sector is eonmionly made of ivory, and consists of two arms 
which open and turn round a jrant at tJieir eommcMi extremity. 

For some <^>erstions, particttlarly the projection of solar eclipses, 
the sector is a very useful instrument. 



INTRODUCTION. 



The figure before ns represents one ride of a sector wiAlhe plane 
■oik taij wfon it Uore thaa ese Miie eia be pri on to a ridet 
but ve repreaent but one to avoid eenAaioB. 

The scale must be alike on both arms — and it must conimence 
exactly at the joint — hence when near &e cent«r the different scales 
erowd each other. 

The two arms of the sector always form two sides of a triangle, 
and by opening and cjoang Ifaem ve vary the aq^e, yet the distance 
across from one aim to the other is always proportional to the sides 
of the triangle. 

The advantage of the sector will appear from the following 
problem. 

A map is before me, its scale is 80 miles to an inch ; I wish to 
find the distance in a li^t line between two points Itud down on it. 

IsL J tdke one inch in the dividers and open the sector, bo that 
the distance between £0 and 20 on the two arms, shall just corres- 
pced t0 the meoSBre in the drridcrs, that is, shall be one Inch. Let 
tbe «ealer He on the table tiius opened. 

2nd. Now take the distance you wish to measure, in the dividers j 
place one foot on one arm of the sector, and the other foot on tiie 
oAer aua; so thst tlie feet of At 4inien ahall fell on the sme 
mtmber on botb oima <rf the sector. 

Tbt) Bvober tinis matked by &» diriden will be the distance 
required. The distance between any otber two pobts BMy be 
measured on the same map, withowt any eomputation whatever. 

Sm tBothcr fflratovtien of IJM vtSity <rf the eeeter, let vs snppeee, 
that the rine of 20° is required corresponding to a radius of 6 inches. 
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Take 6 inehes in the diyiders^ and open the lector so that the sine 
of 90^ from arm to arm shall be 6 mches. 

The sector being thus open, take the distance from 20 to 20, on 
the line of smes from arm to arm» in the dividers, and that is the 
distance required. 

ountbb's scalb. 

Chmter's scale is commonly two feet in length, containing the 
plane scale and the scale of sines, chords, and tangents on one side 
of it, and the scale for the logarUhmB of numbers, sines, and tangents 
on the other. 

This scale is very ingenious, but it is not so much used near con- 
sidered so important as formerly. 



CHAP TE R II. 

LOGARITHMS. 



Abt I* Logaritkmt art eaq^onenU. 
Thus, if a«=9 

and a>=27 



Then a*s=243; by multiplying the two 

equations together term by term. 

The exponent 2 of the first equation may be considered the log- 
arithm of 9 ; the exponent 3 the logarithm of 27, and the es^Kment 
5 the logarithm of the number 243. 

In these equations as=3 the hose of the i^^iem. 

By the preceding operation it is obvious that adding the exponents 
2 and 3, corresponds to multiplying the numbers 9 and 27. 

If we take the equation a' =243, and divide it by a' ss9 member 
by member we shall have 

a»-*=a> =27. 

Bme$ addiiig txpcmwU (logairiihmi) corrupondi to the m nU tfiiea* 
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ibm if their eonretponding numhera and tuSttrac&ng ih§ egpaimiU 
(U^ariihmi) eorretpandt to the dwieion of their mambere. 

It is this property of logarithms that gires them their utility and 
importance. 

Abt. 2« The base of our common system of logarithms is 10, and 
in any equation in the form 10*=sn, x is the logarithm of the num* 
ber n whaterer number n may represent. If n=10, then the 
equation becomes lOs 10. Whence «= 1 because 10^ s 10. There- 
fore in our common system of logarithms the logarithm of 10 must 
bel. 

Now because 10* =s l 

10»=10 
10' » 100 
103 = 1000 

lO^alOOOO 

d^c. d^c. ; it is plain that the log- 
arithm of 1 isO, of 10 is 1, of 100 is %, ftc, every power of 10 
increaeing the logarUhm hy 1 . 

It is also obrious, that every number between 1 and 10 must have 
a fractional or decimal nimiber for its logarithm, and erery number 
between 10 and 100 must have one^ and eome dedmcd for its 
logarithm. 

In the eqiiation 10*ss3, a; is the logarithm of 3, and if we 
multiply this by 10' sslO, member by member, we shall have 

10» +*=30 
Multiply this by 10» «10 

and we have 10« +*=300. 

These results show that 3, 30, 300, have logarithms containing 
the same decimal number ; x differs from each exponent only 
by whole numbers, and thus, generally ; any number multiplied or 
divided by 10, or amy power of 10, vnU, have loyarithme containing 
the eome decimal part* 

Abt. S« For the general computation of logarithms we refer to 
algebra, and in a work like this we shall only attend to such portions 
of theory as to enable the student to use them understandingly and 
with as much practical facility as possible. 



M 
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Let it be ebsenred that the logwiUun 

of lOOOQ 18 4^00000 



of 
of 
of 
Of 



1000 

100 

10 

1 



is 3,00000 
is 2,00000 
is 1,00000 
is 0,00000 
ifr— 1,00000 
i»— 2,00000 



For every division of the nomber bj 10 we subtraet 1 from ito 
logarithm, and when the number comes down to 1, and its loganthm 
of course to 0, if we again divide by 10, making it -f^ or 1>0~^ , we 
must subtract one from the logarithm,, making it — 1. 

The decimal portion of a logj^aiithdi k always positive, but the index 
or whole number part of iM^ beeomet nUntte when the value of the 
number is less than 1. 

Abt. 4i The whole number belongfaig to any logarithm is called 
its index, a very appropriate terih, because it indicates, it points out 
where to place the decimal point between whole numbers and 
decimals. 

The index, or (as some call it) the ehethiet&iaiie, is never put iir 
the tables (except from I to 100), beca»fi« we always know whal 
it is. It is always one less than the number of digits in the wh(^ 
number. This is obvious from Art. 3. 

Thus, the number 3754 has 3 for the index of its logarithm,^ 
because the number consists of 4 digits ; that is, the logarithm is 3, 
and some decimal. 

The number 34.785 has 1 for the index of its Ibgafitfam, because 
the number is between 34 and 35, and 1 is the index for all num- 
bers between 1 and 100. 

All numbers consisting of the same figures, whether integral, 
fractional, or mixed, have logarithams consisting of the same decimal 
part. (Art. 2.) The logarithms differ only in iheir indices. 

Thus, the niunber 7956. has 3.900695 for Ua kgv 

the number 795.6 has 2.900695 

the number 79.56 has 1.900695 

the number 7.956 has 0.900696 



u 



•9 



U 
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the number .79^ lias — 1 .90069^ for its log. 
the oninber .07956 has —2.900696 «' 

For every divisioii by 10, ire diminish the index by 1. When 
the index is mmus it indicates ft decimal number; but kt the learner 
remember that the index only is minus ; the decimal part is o/tMiyt 

Amr. 5« To take out the logarithm of any number from the 
tables, we only consider the digits ; for the logarithms of 7956, or 
of 7.956, or of .007956, have the same decimal part; and when 
that decimal part is found we then consider the value of the number 
to prejQx the index. 

To prefix the index to a decunal, count Ae decimal point 1, and 
each cipher 1, up to the first significant figure, and this is the neg- 
ative index. 

For example, find the logarithm of the decimal .00085. To 
accomplish this we must look for the logarithm of the whole num- 
ber 85, and we find its decimal part to be .929419 ; and now, to 
determine the index, we count one for the decimal point and three 
ciphers, making 4 ; hence, we have Num. .00085 - log. — 4.929419. 

The smaller the decimal, the greater the negative index; and 
when the decimal becomes 0, the logarithm becomes negaJ&oely 
ir^iMte. 

Art. 6. The logarithm of any number consistmg of fawr diffiii 
or less, can be taken out of the table directly and witjiout the least 
difficulty. 

Thus, to find the logarithm of the number 3725, we find the 
number 372 at the side, and over the top we find 5, and opposite 
the former and under the latter we find .571126 for the decimal 
part of the logarithm. The 57, the first two decimal, is under 0, 
which is the same for the whole horizontal coltmm. 

Hence, the logarithm of 3725 is 3.571126 

of 37260 is 4.571126 
of 3.725 is 0.571126 

Fmd the logarithm of 1176. We find 117 at the side, and 6 at 
lihe top, and oppodteflie former and under the^lattor we £nd ^407 
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The point here demands a cipher, and is put in to arrest attention 
to make the operator look to the next horizontal line below for the 
first two decimals. Thus, we find .070407 for the decimal part 
of the logarithm required. 
Hence, the log. of 1176 is 3.070407 

1. What is the log. of .001176 ? Ans. —3.070407 

2. What is the log. of 13.81 ? Ans. 1.140194 

3. What is the log. of 72.66 ? Ans. 1.860637 

4. What is the log. of .6762 ? Ans. —1.830076 
6. What is the logarithm of the number 834786 ? 

This number is so large that we cannot find it in the table, but 
we can find the nimibers 8347 and 8348. The logarithms of these 
numbers are the same as the logarithms of the nimibers 834700 
and 834800» except the indices. 

834700 log. 6.921630 

834800 log. 6.921682 

Di£ference, 100 62 

Now, our proposed number, 834786, is between the two preced- 
ing numbers ; and, of course, its logarithm lies between the two 
preceding logarithms ; and, without further comment, we may pro- 
portion to it tiius, 100 : 86=62 : 44.2 

Or, 1. : .86=62 : 44.2 

To the logarithm 6.921 630 

Add 44 

Hence, the logarithm of 834786 is 6.921674 

the logarithm of 83.4786 is 1.921674 

From this we draw the following rule to find the logarithm of 
any number consisting of more tiian four places of figures. 

BuijB. — TaJke out the logarithm of the four superior places directly 
from the table, and take the difference betufeen this logarithm and the 
next greater logarithm in the talde, Mtdtiplg this difference hy the 
tnferior pieces in the number as a decimal, and add the result to the 
logarithm corresponding to the superior places, the sum wiU he the 
logarithm required. 

Example. Find the log. of 367.32614. 

The four superior digits are 3673; the logarithm of these 
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corresponds to the decima]* .5590339 for its decimal part The 
inferior digits, taken as a decimal, are 

.2514 
122 

5028 
50ft 
2514 

30.6708 

This result shows that 30, or more neail7,31, should be added 
to Hie logarithm already found, thus giving .553064 for the deci- 
mal part of the logarithm 357.32514. 

Therefore, as three digits of the given number are whole num- 
berSy the index must be 2, and the logarithm 

of 357.32514 is 2.553064 
of 3573251.4 is 6.553064 
of .035732514 is —2.553064 

The change between the place of the decimal point m a number, 
and the corresponding change of the index to its logarithm, should 
be strongly impressed on the mind of a learner. 

Example 2. What is the log. of 366.25636 ? Ans. 2.563785 

3. What is^the log. of 39.37079 ? Ans. 1.595174 

4. What is the log. of 2.37581 ? Ans. 0.376812 

Abt. 7* We now give the converse of the last article ; that is, 
we give the decimal part of a logarithm to find its correspondmg 
number. 

Talking the decimal in Example 1, (Art. 6,) .553064, we demand 
its corresponding number.* 

The next less logarithm in the table, is .553033, corresponding to 
the figure 3573. The difference between this given logarithm and 
the one next less in the table, is 31 ; and the difference between two 
consecutive logarithms in this part of the table, is 122. Now divide 
31 by 122, and write the quotient after the number 3673. 

* To take out a number from its logarithm, never enter the first part of the 
table between 1 and 100. Oo to the main table, as it contains many more 
Icfarithme. 



l!hat U, 122)51.(254 

244 



660 
610 



£00 
488 

The figures^ theil^ sre 3573264, which corttspaaiB to the dednial 
logarithm .553064 ; and the vahie of these figures iriU, of codrse; 
depend on the index to the logarithm* 

if this giren logarithm contained an index, such index would 
point out how many of these figures most be taken for whole nvm* 
berSy the others will be decimals ; thus^ if the index had been 4, the 
number would be 35732.54 

If the given decimal had been .563063.67, which is the exact 
conrerse of example 1, then we should have found that number, 
35732514 ; but we did not gire that decimal logarithm, because the 
table contains onlj six decimal places. From this obvious operation 
we derive the following rule to find the number corresponding iko a 
given logarithm. 

BtruB. — If ih$ given logarithm is not in (he table, find the one next 
JeiSf and take out the /our figures correspomding ; and if more than 
four figures are required^ take the d^erenee between the given logarithm 
and the next less in the table, and divide thai difference by the difference 
of the two consecutive logarithms in the table, the one less, the oihjsr 
greater than the given logarithm; and the figures arising inthe quotient, 
as mang as mag be required, must be annexed to the former figures 
taken from the table* 

iBXAMFLXS. 

1. Given, the logarithm 3.743210, to find its corresponding num- 
ber true to three places of decimals. Ans. 5536.182 

2. Given, the logarithm 2.633356, to find its corresponding 
number true to two places of decunak. Ans. 429.89 

3. Given, the logarithm — 3.2dl742, to find it^ correspondmg 
number. Ans. .001957'^^ 
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MULTIPLICATION BY LOGARITHMS. 

Abt. 8. If the prinoiple first laid down in (Abt. 1) is true, the 
stun of the exponents will be the exponent of the product of an j 
number of factors. In other words, 

The mim of the logarithms of any nu/mher of factors vnU be the 
logarithm of the product of those f odors* 

N. B. The logarithmic table corresponds to this principle, and wo 
may see by the following 

SXAMFLS8. 

The log. of 3 (taken from the table,) is 0.477121 
The log. of 4 " " " " is 0.602060 

Therefore the log. of 12 must be 1.079181 

Giyen, the log. of 7 and the log. of 9, to find the logarithm of 63. 
Because 7X9=63, therefore, 

To log. 7=0.846098 
Add log. 9=0.954243 

Sum 1.799341 

By inspecting the table, we shaD find this logarithm stands 
opposite 63, and by this process the logarithms of aH the composite 
numbers hare been found. In this we may consider that the log- 
arithm pointed out the product 63. 

Hence we have the following rule for obtaining the product of any 
number of factors. 

Bulb. — Fiind the logarithm of each factor, add those logarithms 
together and the sum tnll be the logarithm of the product. The number 
corresponding to this last logarithm taken from the table, wiU be the 
product iisdf. 

KXAMPLES. 

1. To multiply 23.14 by 6.062. 

Numlmnk Logs. 

23,14 1.364363 
5.062 0.704322 



Product 1 17.1347 2.068686 



2. To multiply 2.581926 by 
3.457291. 



Sfttmben. Logs. 

2.681926 0.411944 
3.467291 0.638736 



Product. 8.92648 0.960680 



80 
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3. To mnlt. 3.902 and 597.16 
and .0314728 all together. 

0.591287 

2.776091 

—2.497935 

1.865313 



NninlMink 
3.902 

597.16 

.0314728 

Pxod. 73.3333 



Here the — ^2 cancels the 2, and 
the one to carry £rom the decimals 
is set dowxL 



4. To mult. 3.586, and 2.1046, 
and 0.8372, and 0.0294 all 
together. 

3.586 0.554610 

2.1046 0.323170 

> 0.8372 —1.922829 

0.0294 —2.468347 



Prod. 0.1057618 —1.268956 



Here the 2 to carry cancels the 
— %, and there remains the —1 to 
set down. 



DIVISION BY LOGARITHMS. 

Art. 9, As dirision is the converse of multiplication we draw the 
following role for dividon by use of logarithms. 

N. B. Addition and subtraction is to be understood m the algebraic 
sense. 



BmjB. — From the tofforUhm of the dividend stddraet ihe Icffartihm 
€f ike divisor, and the number eorretponding to the remainder is the 
ifiioSeni required. 
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1. Divide 327.5 by 2207 

log. 327.5 
log. 2207 


2.515211 
3.342028 


Quotient .14839 


—1.173183 


2. Divide .054 by 1.75 

log. .054 
log. 1.75 
Quotient .030857 


—2.732394 

0.243038 

—2.489356 



Abt. 10* The preceding examples in multiplication and division 
were adduced only to show the nature of logarithms: had our 
object been results, the common arithmetical operations would have 
been more convenient for some of them ; but there iEkl*e cases that 
demand the use of logarithms, and such cases mostly occur in 
Involution and Evolution. 
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Buui lOB ImroLxmoH. — TA$ ok Ae logairiOm if tie ffwen 

mttiib9t,<mi mMpfy U ip the indegif^t^ Itni 

the number eorreqxmdn^ to the product, and ii witt be the power 

tejfiired. 



1, Whflt it the fld power of 
361? 

log. Ml 8.546307 

2 



Ane. 



123201 6.090614 



3. What is the 4th power of 
.0916 1 

log. .0916 —2.961895 

4 



Ana. .000070401 —6.847680 

Here 4 tunes the negattre in- 
dex is — 8, adding the 3 to cany 
gires 



2. What b the oobe of 1.72? 
log. 1.72 0.236588 

^ 3 

AttS. 6.0884 0.7065M 



4. What is the 17th power of 
1.04? 

log. 1.04 0.017033 

17 



0.119231 
0.17033 



Ans. 1.9476 0.289661 

N. B. This last example be- 
gins to disclose the utility of log** 
arithms. 



6. What fa tile Odi power of 
1.037? 

log. 1.037 0.016779 



6 



Ans. 



1.243+ 0.094674 



6. What fa the 21st power of 
2.02? 

log. 2.02 0.306351 

21 



.306361 
6.10702 



Ans. 2684464.6 6.412371 



EVOLUTION 

Abt. lit Erolntion fa the converse bf Inyolulion; hence we 
haye the folloinng rule for the extraction of roots : 

litke the logarithm of the given number out of the table. Divide 
ihe logarithm, thue found, by the index of the required root; then the 
number eorreeponding ie the root eoughi* 
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1. What 18 the enbe root of 

log. 126 3)2.096910 

Ans. 6 0.698970 

3. Whmt 18 the 4th root of 
761? 

log. 761 4)2.875640 

Ans. 6.236+ 0.718910 



2. What 18 the cube root of 
200? 

log. 200 3)2.301030 

Ans. 6.848+ 0.767010 

4. What is the 20th root of 
1.036? 

log. 1.036 20)0.014940 

Ans. 1.001718 0.000747 



6. What is the cube root of the decimal .00048 
log. .00048 —4.681241 

To the inexperienced here would be a difficulty, as the index is 
n^aUve, and the decimal part positive. How then shall we divide 
by 3 ? Add — 2 and +2 to the index ; and this is, in effect, 
adding no^»n^/ it merely changes the form of the index, thus, 
— 6+2.681241 Now, we can divide by 3, and the quotient is 
—2.893747. The corresponding number, or root, sought, is 
.07829+ Ans. 

RxMABX. — In the preceding articles we have tanght all the preliminary rolee 
for the nae of logarithms ; " but there %m a wiidem beyond rulee," and he who 
does not arrive at it, attains only the hardens of knowledge without its hene- 
fits. Rnles are necessary throngh the first mdiments of any science ; but he 
who can instantly fall back on to first principles, and do the most advantageous 
thing at the most advantageous point of time, has a practical tact of the 
highest value. 

Art. 12. What follows will refer to no particular rules, but 
will be embraced under general principles, which are far above 
rules. 

To understand logarithms well, it is indispensable to study 
the table, and observe the increase of the logarithms, and com- 
pare that increase with the increase of the numbers. For in- 
stance, the logarithms from 1 to 10, increase by 1, and we must 
go ten times as far, that is, to 100, to obtain another increase of 
1 in the logarithms. 

Hence, logarithms to numbers near to unity, increase very 
&8t, and &r from unity, increase very slowly ; and this is true 
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wbicbeTer side of unity the number may be, above or below. 
For instance, 4 is as much above unity as } is below unity ; so 
623 is as much above unity aa -g^ is below unity. 

Now 623 multiplied by -gij will produce 1, therefore the log* 
of 623 added to the log. of ^li, its leciprocal, must produce the 
log. of 1, or zero. 

Observe the decimal logarithms on page 3, and compare them 
with the logarithms on page 20. Those on page 3 are small in 
value, and vary rApidly; those on page 20 iM large in value, and 
vary very slowly. 

Hence it is, practically, more difficult to a4just a log. to its 
nitniber, when the decimal part of a logarithm is small, than 
when it is large ; but we can avoid the use of a small depimal 
in a logarithm, as the following artifice will show. 

Let us takci Example 4, Art. 11. That is, find the number 
corriofsponding to the log. 0.000747 

Subtract the log. of 1.01 0.0(^31^1 (a) 

The log. of .9918 is --1. 996426 (b) 

Th^ two logarithms (a) and (t) added together, will produce 
(b.0(k)747) the giv^n logarithm, and the number corresponding 
to this log. will be the product of the two numbers 1.01, 0.9918, 
or 1.001718. 

Our given log. (0.000747) has a small decimal part, and sub- 
tvaoting the log. of l.Olf produeed a logarithm having a large 
decibal putt, and this Was otir object. The large decimal loga- 
rithm we can carry to the table, and take out the corresponding 
number, to great accuracy, by mere inspeetion. 

Abt. 13. Our table only extends to four figures, three at the 
side, and 6ne at the top of the pages, but by a little artifice, the 
table will serve for anif number. 

For instance, suppose that the log. of 101248 was required, 

the uninstructed might infer that it could not be obtained, 

lectttise the table does not extend so far; but by factoring it, as 

follows, we find that it is the product of the two factors, 16 

6328. 

3 
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2)101248 

2)50624 

2)25312 

2)12656 

6328 
Log. of 16 is 1.204120 

Log. of 6328 is 3.801266 

Log. of 101248 therefore is 5.005386 

We may take another artifice (which is the common one) to 
bring this number within the scope of the table. Gonceiye it 
divided by 1000. Then the quotient would be 101.248, and 
this number is between 101 and 102, and of course within the 
scope of the table, but the first method is the most accurate, 
and therefore the best. 

If we demanded the log. of 101249, a number greater by 
unity than the preceding number, which may be a prime num- 
ber, and not capable of being separated into fiictors, we can 
obtain the log. of 101248 as before, and then add the quotient 
arising firom the following division : 

0.43429448 

~i^ 

The numerator, or dividend, is the modtdu8 of our system, 
and 2f is the number immediately preceding the one whose log. 
is sought. For this example JV=sl01248, and 

.i?l??ll?=0.000004. 
V 101248 

We carry the division only to the sixth decimal place, as this 
is the limit of the table now under consideration. 

Hence, the logarithm of the number 101249 is 5.005390. 

43429448 
The expression .1 ^ — . is the expression or value of the 

correction corresponding to one of number, but if we wished to 
make a correction 2.3, we would multiply the correction for one 
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(.000004) by 2.3, and this will giro .000009 for the correction 
corresponding to an increase of 2.3, thus: 

The log. of ^ 101248 is 5.005386 

Add 2.3 add 9 



The log. of 101250.3 is 5.005395 

The log. of 8091 is 3.908002. What is the log. of 8092 
without using the table? 

8091)0.43429448(0.000054 nearly. 
40455 



29744 
To log. of 8091, which is 3.908002 

Add 54 



Log. of 8092 is * 3.908056 

If the correction had been for part of a unit, we should hare 
added the like part of .000054, and this is the principle, and aU 
the principle, of deducing one log. from another. 
Given the log. of 5280 to find that of 52815. 
The last number we shall use as 5281.5, then it will dififer 
from the given number by 1^. 

5280).43429448(0.000082 correction for 1. 
42240 41 " \. 



11894 .000123 
Log. of 5280 is 3.722634 

Log. of 52815 is 4.722757 

If we fiictor the number 52815, we shall find that it may be 
regarded as the product of two &ctors, 3521 and 15. 
Log. of 3521 is 3.546666 

Log. of 15 is 1.176091 

Hence, Log. of 52815 is 4.722757 as before. 

For another example : The ratio between the diameter and 
circumference of a circle is 3.14159265, find the logarithm of 
this number. As the number is less than 10, the index will be 
; but to get the logarithm to proper accuracy, we will con- 
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^oeire tb^ niunber to be a whole number as &r as 31415, ^nd 
then we can call the rest .9265, a decimal. The whole number 
31415, is composed of the two Iftotorfi, 5 and 6283. Therefore 
To the log. of 6289 3.798167 
Add the log, of 5 .698970 

Log. of 3.1416 is "' ' 0.497137 

31415).43429448(0.000014X.92 is 13 nearly. 
31415 



120144 
Whence, the log. of 3.141592 is 0.497150, 

as near as our table of six decimal places can express it. 

N. B. We have formed a tumble consisting of twelre decimal 
places, (without any indices), which can be used for very 
delicate cases, and the proper explanations are made in the 
Appendix. 

Abt. 14. A person who properly understands the principles 
of logarithms, can find the log. of any number, tmihont a taiU, 
provided he retains in his memory the value of the modtdus 
{.43429448), and the value of the log. of 2, and of 3, and of 7, 
and of 11. 



The log. 


of 2 


is 


0.301030 


The log. 


of 3 


is 


0.477121 


The log. 


of 7 


is 


0.845098 


The log. 


of 11 


is 


1.041393 



The log. of 2 has the same decimal part as 20, 200» or .2 
tenths ; the difference is in the indices. 
The same remark will apply to 3, and all other integers. 

SXAHPLBS. 

1. Mnd the log. of 112, feUhotU the taUe, the logarUhme of 2 
emd 7 being given. 

112=4.28=:4.4.7ss2.2.2.2.7. 
Four times the log. of 2, plus the log. of 7, will be the result. 

Log. of 2 = 0.301030X4=1.204120 
Log. of 7 845098 

Log. of 112 2.049218 Am. 
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2. Find ike hg. of mi.viUhoiailuwe o/OetalU. 

The log. of 1120 10 giyen in the first example, a&d this cor- 
rected for the increase of unity, will be the result. 

1 120).43429448(0.000388. 
To 3.049218 

Add .000388 



Andlog. of 1121 is 3.049606 Am. 

3. Undthe log. of 99 toUhaut the uu of the tdbU. 

99=3M1 0.477121 

2 



Log. of 9 is 0.954242 

Addlog. ofll 1.041393 

Whence log. of 99 is 1.996636 Am. 

4. There are 6280 feet in a ndk. Mnd the log. of this number 
without the use (f the table. 

6280=2*3.11.10. 

Whence 4 times the log. of 2 is (Ex. 1) 1.204120 

Log. of 3 0.477121 

Log. of ll.lC 2.041393 

Whence log. of 6280 is 3.722634 Ans. 

6. The sidereal year consists of 366.26637 mean solar days. 
Mnd the log. of this number true to 6 places vf decimals, unthout 
the use of the table. 

N. B. As the number is between 366 and 366, the index will 
be 2. Hence, we shall pay no attention to the index; the arti- 
fice is to obtain the true decimal part. 

Because 33.11=:363=3.11.1]. 



2.082786 
0.477121 

2.669907 
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Twice the log. of 11 b 
Log. of 3 

Log. of 363 therefore is 

We muBt now correct this log. for 2 
units, and the decimal .25637, or 2^ 
units nearly. 

Correction for the first unit is '^^^^^^^=0.001199 



For the second unit it is 



363 
.43429448 



And for the fraction 



( 



364 



=0.001193 



.43429448\ 



365 



; 



.25637=0.000303 



2.995635 
439 

2.995196 
.903090 



Log. of 365.25637 therefore is 2.562602 Ans. 

6« Tke diameter of the earth i« 7912 miles » Find the log. of 

this nwnher without using the table. 

7912=2.2,2.989. But 989=990—1. 

The log« of 99 or 990 was found in Ex. 3. Using that result, 

we have 

Log. 990 

Correction for 1 , subtract 

Log. of 989 is 
Add 3 times log. 2, or log. 8, 

Log. of 7912 therefore is 3.898286 Ans. 

We think that we have fully illustrated that logarithms can 
be readily found, independently of a table. 

Art. 1 5. The converse of the last problem is not so obvious. 
When the number is given, the logarithm of that number can 
be found, as we have just shown ; the converse of that problem 
is to find the number corresponding to a given logarithm. We 
must remember the log. of 2, of 3, of 7, and of 11, and also 
know the modulus, but it is better to illustrate by 

XZAMPLES. 

1. jPind the number corresponding to the log. 3.470263. 

1st. The log. of 2 is .301030 1 From these we can find 
The log. of 3 is .477121 }. various other logarithms. 
The log. of 7 is .845098 J but we observe that the de- 
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cimal part of our giren log. is very nearly the log. of 3, but the 
index is 3, therefore the number sought must consist of /our 
places, the highest figure not quite 3 ; that is, the number sought 
is not quite 3000. It is probably not &r from 2900, or not fiir 
from the double of 1456, which is the double of 729, which is 
the cube of 9. 
Therefore 4.9»=s2916. But 9»3*, or 9»=s3». 
Twice the log. of 2, is log. 4, 0.602060 

6 times log. of 3 is log. of 729 ss 2.862726 

m H ill ■ I ■ ■ 

Log. of 2916, therefore is 3.464786 

Which subtract from 3.470263 

0.006477 
If we can find the number corresponding to this last logarithm^ 
the product of that number into 2916 will be the number sought. 
We can obtain this, approximately, by means of the modulus. 
Thus >43429448^ ^^ 0.005477^^ 

2916 ^ Q 

And 2916-1^=5 the number sought. 

In this case §=0.000149. J?:??^1ZZ=36. 8 nearly. 
^ 0.000149 ^ 

To 2916 add 36.8, and we have 2952.8 nearly, for the number 
required. But the true number is 2953, the error of about two- 
tenths arises from the imperfection of this last operation. 

To show that there are several methods of solving these 
problems on the same general principle, we will take the same 
problem as before* 

The given log. is 3.470263 

The log. of 30, is 1.477121 



^ ■» 



The log. of the unknown &ctor is 1.993142 

The log. of 100 is 2, hence this logarithm imder eonsidera- 
tion must correspond to some number near 98. Now we will 
find the log. of 98 to compare it with this log. 

98=2.49s=2.7«. 
Log. of 98==log. 2+2 log. 7.» 1.991226 

This subtracted from 1 .9931 42 

And we have left 0,001916 
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Hence, the number sought is 30.98=2940 plus, the correction 
which is found by the following process : 

.4342944 nnnni>to i .001916 ^« , 

— ^—. — sO.OOOl 48 nearly. -=13 nearly. 

2940 ^ .000148 

Therefore, 2940-|-13=:2953, the true number sought. 

Abt. 16. Let the pupil observe that in the last problem the 
given log. (3.470263) was diminished by the log. of 30, and the 
remainder by the log. of 2940, hence, the remaining log. 
(0.001916) is the difference between the given logarithm and 
the logarithm of 2940, and in this sense it is a difererUkd of a 
logarithm, and not a logarithm independent ly itsdf. 

Considered as an independent logarithm, it does not corres- 
pond to 13, but to some number a little greater than unity. 

Let us take it as an independent logarithm, and how then 
shall we find the number corresponding ? 

The log. of 1 is 0.00000, and therefore the log. 0.001916 may 
be considered as the difference between itself and the log. of the 
number 1. 

Hence, the correction to the number 1 may be found by the 
same process as we have just foimd the correction to the num* 
ber 2940. 

The operation is thus : 

•^5*294.=.434294. Q'QO^Q^g =0.004412. 



1 0.43429 

Whence the log. of 1.004412 is 0.001916. 

The product of the three fiictors 30. 85. (1.004412) is 2953 
very nearly, as it ought to be. 

From the above operation, we can draw the following rule to 
find the corresponding number to any very smaU logarithm : 

BuLE. — Divide the given logarithm by (he modulus, and to the 
quotient and unity. The ettm wiU be the number sought.* 

* We hare drawn these rnles from mere practical observations, withoat 
any pretensions to science ; but nevertheless, they conform to strict analyti- 
cal deductions, as found in the differential calculus. 

ffuTy, 
In that branch of science we shall find the equation dxs=s — — in which 

m represents the modulus of a system of logarithms, dx the differential value 
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lizAMPUi. The log. if a eerkdn nmier i$ 0.003206, fiad ihe 

corresponding number. 

By the rule ^'^^^^=0.007689. -Aw. 1.007689. 

^ .43429 

For another example. The log. qfwoM wfmlmjtui above %mtg 
ie 0.000123, What is thai niuimJb$rt 

By the rule ^'^^^^^=0.0002832. Ane. 1.0002832. 

^ .43429 

We will give but one more example, independent of the tables, 
and the object of that one is to show the utility of logarithms, 
notwidiistanding we may be under the necessity of computing 
the logarithms expressly for the example, which is the following: 

Ihid the ffolue of the^th power af 8, multiplied hy ike third 
root of 7, and that prodtuA divided by the fifth root qf 6. 

By logarithms it will stand thus : 

6Xlog. 8+J log. 7— Jlog. 6=:log.af. 

The log. of 8=:3 times the log. of 2, which is .903090. 
5Xlog.8 - - - 4.515460 

|log.7 .... 0.281699 

4.797149 
ilog. 6 ... 0.155630 

Log. « ... 4.641519 

We must now find the value of or. The index is 4, therefore 
there must be five places for whole numbers. The decimal part 
of the log. is a little greater than the log. of 4, therefore the 
number sought must be a little greater than 40000. It is not 
44000. For the log. of 11-f- the log. of 4 will give a greater 
decimal than the decimal .641519. 

tf a logarithm, dy the differential ralae of the number, and y Ihe number 
iaelf. 
The last operation in (Art. 15), y»S940, ffis.43^^4. 

?ir ^^^^ «0.000148. d««0.0OiSl6. <|y«t.4a^-'^^i|-18 neaily. 
y 2940 m .000148 ^ 

When ysl, then <ljps7iu2y, and <2ys — , which is tiia symbol for the last 
»nle. 
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The number 42, or 42000, which is probably less than x, has 
three fiictors, 6, 7, and 1000. 

The log. of 6=log.2-|-log.3, - - .778161 

log. 7, - . .846098 

Log. 1000-f log. 42, - 4.623249 

Log. a?, • - 4.641619 

^^' 42000 0.018270 

The number corresponding to this remaining log. is found by 
the last rule. 

Thus j5H?Z=0.04206. Log. of 1.04206 is ,018270. 
.43429 ^ 

mm 

Whence =1.04206, or 47=3:43766.1, the approximate 

42000 ^^ 

number. 

It is not likely, however, that this is the true number, for the 
log. 0.018270, is too great to hare its number determined by 
this method, and if greater accuracy is required, we must obtain 
more exact &ctors. 

We will therefore resume the work from 

log. __?_=0.018270, 
*^ 42000 

and we know that the number corresponding to this log. must 

be near 1 .042 , and this number, or a number very near it, can 

be produced by dividing 100 by 96. Or, in other words, this 

log. must be very near the log. of VV • 

But the log. of 100 is 2.000000 

Log. of 96 is log. of 8+log. 2-|-log.6, 1 .982271 



0.017729 



Making ujse of this &ctor, we shall have 

Log. ^^ =0.000641. 
^ 4200000 

Now we have a log. sufficiently small to detennine its number, 
as follows : 

:522^=:0.001246. Log. of 1.001246=0.000641. 
.43429 ^ 
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Whence -^ri— =1.001246. 
4200000 

Or -1?1=100.1246. Or flr=43804.616, 

7000 

the true number sought. 

But hj the help of the table this problem would hare been a 
yery trifling affair ; but if a person can work it without the table 
hj recollecting a few simple logarithms, we are sure that such a 
person has a clear comprehension of logarithms, and it is to 
make this test that we require any one to work without the table. 

The following examples are given to show the practical value 
of logarithms. The student may now use the table. 

XZAMPIiXS. 

1. What is the cube root of 12326391? Ans. 231. 

The log. of 12320000 is 7.090611 (See table.) 

Correction for .6391 225 



Log. of 12326391 3)7.090836 

Log. of 231 2.363612 

2. What is the cube root of 692.704? Ans. 8.4. 

3. What is the cube root of 997002999? Ans. 999. 

4. What is the cube root of 40? Ans. 3.41 996+. 

The utility of logarithms is more strikingly illustrated by 
examples in powers and roots higher than the third, like the fol- 
lowing : 

6. What is the 6th root of 130691232? Ans. 42. 

Log. of 130691232 is 8.116246(6 

Log. of 42 is 1 .623249 

6. What is the 6th root of 12230690464? Ans. 48. 

7. What is the 7th root of 10? Ans. 1.38949. 

8. The 10th root of a'certain number is .021, what is that 
number? Ans. 0.0000.0000.0000.000016684+. 

9. The 10th root of a certain number is 21, what is that 
number? Ans. 16684000000000, nearly. 
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CHAPTER III. 

ELEMENTARY PRINCIPLES OF PLANE 

TRIGONOMETRY. 



Tbigohoiotbt m its IHenl Slid restricted fleofle, has &r its obje^ 
the measure of triangles. When the triangles are on jdaaes, it is 
plane trigonometrj, and when the triangles are on, (»r ooneriyed to 
be portions of a sphere, it is spherical trigonometrj. In a more 
enlarged sense, however, this science is the application of the prin- 
ciples of geometry, and nnmerieally connects one part of a magni- 
tude with another, or numerically compares different magnitudes. 

As the sides and angles of triangles are quantities of different 
kinds, they cannot be compared with each other ; but the rdaihn 
may be discovered by means of other complete trian^es, to which 
the triangle under investigation can be compared. 

Such other triangles are numerically expressed in Table 11, and 
all of them are conceived to have one common point, the center of 
a circle, and as all possible angles can be formed by two straight 
lines drawn from the center of a circle, no angle of a triai^^ caa 
exist whose measure cannot be found in the table of trigonometrical 
lines. 

The measure of an angle is the arc of a circle, intercepted be- 
tween the two lines which form the angle — the center of the arc 
always being at the point where the two lines meet. 

The arc is measured by degrees, minutes, and seconds, there being 
360 degrees to the whole circle, 60 mmutes in one degree, and 60 
seconds in one minute. Degrees, minutes, and seconds, are desig- 
nated by **, ', ". Thus 27*» 14' «i", b read 27 degrees, 14 mm- 
utes, and 21 seconds. 

All circles contain the same number of degrees, but the greater 
the radii the greater is the absolute length of a degree ; the cir- 
cumference of a carriage wheel, the drcumference of the earth, or 
the stm greater and indefinite circumference of the heavens, have 
the same nmnber of degrees ; yet the same number of degrees in 
each and every drde is precisely the same angle in amount or 
measure. 
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As trisnglet do not contun circks, we can not measnre trianglM 
l^ drcnlar area ; ve miut measure tliein bj Mar tnemgtet, that ii, 
\j OnagM Itna, drawn in and aboat a drcle. 

Such sinught lines are called trigootanetrioal lines, and take par- 
lienlar names, as deeoibed by tbe fbUowing 

DEFINITIONS. 

1. The tine of an an^e, or an arc, is a Imo drawn from one end 
of an arc, perpendicnlar to a diameter drawn throngh the other end. 
Thiis,£/'iBthesineoflhearo>iiB,ani(iboofthearc£i'£ £X 
is the sine of the arc BJ), it is tUw the cosine of die arc AB, and 
£F, is the cosine of the arc £2). 

N. B. The complemeiU of an arc is what it 
wants of 90° ; the ng>pltnteni of an arc is 
what it what it wants of 1 80°. 

2. The eotme of an arc is the perpendicu- 
lar distance from the center of the drde to 
the tone of the arc, or it is the same in msg- 
nilade as the nne of the complement of the 
arc. Thus, CF, is the cosine of the arc AB; bnt CF=£B, tha 
sue of BD. 

3. The U^nt of an arc is a line touching the circle in (me 
extremity of the arc, contJnaed from thence, to meet a line drawn 
throngh the center and the other extremitf. 

Thus, AB is the tangent to the arc AB, and D.L is the tangent 
of the arc DB, or the cotangent of the arc AB. 
N. B. The t30,ithaa anOraefion </ the word eomphment. 

4. The ucant of an arc, is a line drawn bom the cent«r of the 
drole to the eitremily of its tangent. Thus, CM is the secant c^ 
the arc AB, or of its supplement BUS. 

6. The eotKoni of an arc, is the secant of the complement. 
Tbos, CL, the secant of Bl>, is the cosecant of AB. 

6. The versed sine of an arc is the difference between the cosine 
and the radhia ; that is, AF is the versed sine of the arc AB, and 
J>K is the versed sme of the arc BD. 

For the sake of brevity these technical terms are contracted thos : 
for sme AB, we write nn.AB, iat oodne AB, we write aaAB, 
br tangent AB, we write bmJLB, Ac 



fl 
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IVom the preceding defisilioiis we deduce tlie folloving obyions 
oonsequenees : 

1st, That when the arc AB, becomes so small as to call it 
nothing, its sine tangent and rersed sine are also nothing, and its 
secant and cosine are each equal to radius. 

2d, The sine and versed sine of a quadrant are each equal to the 
radius ; its cosine is zero, and its secant and tangent are infinite. 

3d, The chord of an arc is twice the sine of half the arc. Thus, 
the chord B&,is double of the sine BF, 

41h., The sine and cosine of any arc form the two sides of a 
right angled triangle, which has a radius for its hypotenuse. Thus, 
OF, and FB, are the two sides of the right angled triangle CFB. 

Also» the radius and the tangent always form the two sides of a 
right angled triangle which has the secant of the arc for its hypo- 
tenuse* This we observe from the right angled triangle CAB^ 

To express these relations analytically, we write 

ffln.'-4-c<»-'=^ ( 1 ) 

i?+tan.'=rsec.* (2) 

From the two equiangular triangles CFB, OAB", we have 

aF:FB=^OA:AE 

«, . . ^ iJsm. . . 
That n. C08« : sm^sE : tan. tan.=s (S) 

COS. ^ ' 

Also, . OF: OB=:^OA : Off 

That is, • cos : B=B : sec. cos. sec^JS* (4) 

The two equiangular triangles OAff, ODL. give 

OA:Aff=J)L:J)0 
That is, • ^ : tan.=scot : ^ tan. cot.ssi2* (5) 

Also, . OFxFB^DLxDO 

That 18, • cos.:ffln.sseot:i2 eo8.JRassn1.0ot. (6) 
By obserrmg (4) and (5), we find that 

COS. sec.=tan. cot. (7) 

Or^ • COB. :tan.s=cot.:sec. 

The tqAm between the various trigonometrieal lines are always the 
same for the same arc, whatever be the length of the radius ; ana 
th^pelore, we may assume radius of any length to suit our eoaven- 
wace ; and the preceding equations will be more concise, and mora 
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ivadily api^ied, bj makiiig radhu equal nu^. TIas wappodSoa 

being made, the preceding become 

Mn,*+coe.'=l (1) 

l-i-t«n.'=see.* (2) 

taiL=— (3) oofcc— ^ (4) 

COB. ^ ' sec. *■ ' 

*^^i^ (*^ coe.=idn. cot. (6) 

The center of the circle is cotuudered the abaohife ten pcnnt, and 
fite di^rent directions from this p<Hnt are designated bj the different 
ngna + <u>d — . On the right of C, toward A, is commonlj 
marked plus (+), then die other direction, toward £, is neceaaarilj 
rnmns ( — ). Abore ASh called (-|-), below that line ( — ]. 

If ve couedve an arc to commence at A, and increase contin. 
noosly anmnd the whole drcle in the direction of ABD, then the 
ftdkrwing table will show the matadonB of the signs. 

Ist quadrant. + 4- + + + + + 

«d" +___ — + + 

M- __ + + __ + 

4tli« _ + __ + _ + 

PROPOSITION 1. 

Snu chord tf 60° and Qtt tangent 45° are each e^iud to radita; 
the tine ^ 30^ the ventd tine of 60° and the cotine tf 60° an mcA 
e^uA to half the radmi. 

(The first troth Is proved in problem 15, book 1). 

On <7=, as radios, describe a quadrant ; take .<l/>=45°, AB 
=60", and A£!=9ff; then 5^=30°. 

Join AB, OB, and draw Bn, perpendicular to CA. Draw Bm, 
parallel to ^C. Uake the angle OAff=90'', and draw CJ)B. 

In the A ABO, the angle JCB=60° 
1^ hypotheeia ; therefore, the Bum of the 
other two angles b (180 — 60}= ISO". But 
C£=aJ,hence At angle CBJ= the angle 
OAB,(iii. 15b. ]),andasthesumof thetwo 
is 120°, each one must be 60° ; therefore, 
each of the angles of triangle ABC, is 60° 
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and tlie ndea t^ponte to equal angles are equal ; tliat u, AB, the 

cbord of 60°, la equal to OA, the radiuH. 

In the A CM^ the angje C^fu a right angle; and by hypotb- 
eeia, A Cff. is half a right angle ; therefore, ABC, is also half a right 
angle ; consequently, AH^A C, the tangent of 4fi°= the radins. 

By th. 15, book 1, cor. Cn=nA; that is, the cosine and versed 
une of 60" are each eqnal to the half of the radius. As Bn and 
SC are p«pendiouIar to AC, they ore parallel, and Sm is made 
parallel to On; therefore, Bm=Cn, or the sine 30°, is the half of 
radios. 

PROP OSITION I. 
Given Ifu tine and cosine of too arcs to find the not and eoMie o/* 
the turn, and differeTtce of the tame arct txpreued by the litiet and w 
tmei of the Kparale are*. 

Let O be the center of the circle, CD, the 
greater arc which we shall designate by a, 
and SF, a less arc, that we designate by b. 

Then by the definitions of unes and co- 
sines, DO=wi.a; OO^coa.a; FI=Bm.b; 
OI=tsM^. We are to find FM, which is 
=sm.(<i+6); ffJf=co8.(fl+J); 
JEP=wa.(a--i); G'P=cos.(a--A). 

Because I2f is parallel ta DO, the two As GD 0, GW, are 
equiangular and similar. Also, the A FBI, is similar to OIN/ 
fbr the angle FIO, is a right angle ; so is BIN; and, from Aese 
two equals take away the common angle BIZi, leaving the angle 
FIB= GIN'. The angles at ^ and JV, are right angles ; therefore, 
the A FBI, is equiangular, and similar to the A GIN, and, of 
course, to the A GD 0; and the nde BI, is homologous to IN, 
wADO. 

Again, as FI=IE, and IK, parallel to Fl{, 
FB=IE, and BI=EE. 

By fflmilar triangles we hare 

Q1>:D0=QI:IN. 




That is, 

Alao, QD:QO=FI:FB 
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Thatb, JJ:cos.a=sm.J:/H; or Jffi=^2?:J^ 

Also, QD'.eO=GI.Qir 

nvi • »% » >-»%•*■ ,^ww C08»fl C08.3 

Tnat iSy B : co8.a=cos.o : O^iv, or «iv== = — 

Also, GDiDO=^FI.m 

That IS, jS:sm.a=s8m.(: xfl, or xH== = 

By adding the first and second of these equations, we hare 

--, . . . / I ,x 8in.a cos.i+cos.a 8in.5 
That IS, . sin, (a+ft)= ^ 

By subtracting the second from the first, we have 

, - . nn.a cos.5— cos.a sin.& 
sin. (a — 6)= g 

By subtracting the fourth from the third, we have 

ON—IH^*z OM=^cos,{a-\-h) for the first member. 

„ .... cos.a cos.d — sin.a sin.6 
Hence, . cos.(a+o)= -5 

By adding the third and fourth, we have 

G2r+iZr= ay+iVP= G^P=cos.(a^ 

.- ^ , X C08.a cos. 54-sin.a sin.ft 
Hence, . cos. (a — 6)= -^ 

Collecting these four expressions, and considering the radius 

anity, we have 

sin.ra+5J=8in.o cos.ft+cos.a sin.6 (T^ 
sin.f a— i)=:sin.a cos.i^— cos.a sin.6 f 8^ 
cos.(a+6):=cos.a cos.A — sin.a sin.ft (9^ 

cos.(a--~5)=co8.a cos.^-j-sin.a sin.5 (lO] 

Formula {A)y accomplishes the objects of the proposition, and 
from these equations many usefal and important deductions can be 
made. The following, are the most essential : 

By adding (7) to (8), we have (11); subtracting (8) from (7), 
gives (12). Also, (9)+(10) gives (13); (9) taken from (10) 
gives (14). 

{sin.(a+5)+sin.(a — 5)=2sin.a cos 6 (11^ 

sin.(a- -bS — sin.(a — 5)=2cos.a sin. h fl 2^ 

cos.(a+5)-f"^^^'(^* — 6)=2cos.a cos.ft (13^ 

cos.(a--*^) — cos.(a+d)a2sin. a sin.6 (14 



(^) 
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If we put a+hssA, and an^=B, then (11) becomes (15), 
(12) becomes (16), 13 becomes (17), and (14) becomes (18). 

A+B \ I A—B 



(C) 



sm.^+sin.J=2am.(^)cos.(£^) (15) 
m.i?=2cos.(i±^)sin.(^^) (16) 



cos.-4+cos.J5=s2co8. f — - — J cos. I — x-- I (17) 



cos.JS^^M;os.^=:2sm. ( — — ) sin. f — -- J (18) 

sm. 
If we divide (16) by (16), (observing that — ^=rtan. and 

cos. 

cos. 1 

_-I=scot.=5- — as ve learn by equations (6) and (5) trigonome* 

try), we shall have 



sin.^-{-sin.^ 
sin.^ — sin.^ 



(4^) 



A— ^ 



A+B\ 



8m.|-r--l coe.(-^-) tan.(-^; 



cos. 



(^)'''^(^i^)°-{¥) 



(19) 



Whence, 

, /u4+jB\ I a — ^^\ 

sin.ui+8in.^ : sin.-4 — 8in.jB=tan. ( — - — 1 : tan. ( — - — j 

or in words. Hu ram of ike sines of any two arcs is to the differ^ 
snes of M« same sines, as the tangeni cfUiehaif ram <f the same arcs 
is to the Umgent of half their difference. 

By operating is the same way with the different equations in for- 
mula ((7), we find. 



(i>) 



^ sm.-4+sin.^ /^+^v 

cos.^+cos.5 \ 2 / 

sin.^4-sip»^ — i^ / ^ — ^ \ 

C08..B— co8.-4^ \ 2 / 

sin.^ — Bin.J9 / A — B \ 

cos.-4+cosr5"" ' I ¥" } 

mi,A — sin.jS ^ /^+^\ 



cob.j5 — cos 

cos.^+ cos.Jg 
oosjB— -cos..^' 



2 
cot.(-^) 



tan 



.(-=?] 



(80) 
(21) 
(22) 
(28) 

m 
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These equations are all true, whatever be the ralue of ihe arcs 
designated hj A and B; we may therefore, assign any possible 
▼alue to either of them, and if in equations (SO), (21) and (S4)» 
we make jS^s 0, we shall have, 

sin.^ ^ A 1 ^__. 



l+cos.^ 2 coHA 

tart^A At ^ ^» 

=«*-5-=*-::;mi (««) 



1— cos.^ '2 tan.-}^ 

l+cog^ _oot^^__ 1^ _ . . 

1— cos.J"'tan4^ tan.'i^ ^ ' 

If we now torn back to formula (A), and diride equation (7) by 

» 

(9), and (8) by (10), observing at the same time, that — ^stan. 

COS* 

we shall have, 

, ... sin a cos.H~cos.a 8in.5 

tan.( a+o) = r -; r -7 

^ ^ cos.a cos.6 — sm.a sm.o 

. ,^ sin.a C08.&— cos.a sin^ 

tan«(a — d)=s j-r--^ ?— r 

^ ^ oos.a cos.o+sm.o sm.d 

By fiiidBng the numerators and denominators of the second 

menbegs of these equations by (cos.a cos.5), we find, 

sin.a C08.5 , cos^ sin^ 
■ [ 

^ • *\ oos.aoo8^ coe.aco6.6 tan.a4*tan.5 , . 

tsn.(a+&)= r — = ^-i=; — : ; — i (28) 

^ ' cos.a 008.0 sm.a sm.o 1 — ^tan.atan.6 ^ ^ 

cos.a cos.6 cos4icos.d 

sin.iK cos.6 cos.a sin.6 

^ ^. co8.a C08.6 cosja C08.J tan.«E— tan.6 ^ . 

'^ ^"^008.0 008.6 , sin^sin.^^! 4- tan.atan.6 ' ' 

cos.a 008.6 cos.a oos.6 

If in equation (11), formula (jS), we make «sss6, we shall hare^ 

8in.2a=28in.a cos.a (30) 
Making the same hypothesis in equation (13), gives, 

C08.2a4-l=2c08^a (31) 

The tane hypothecs reduces equation (14), to. 

1 — co8.2a=28in^a (32) 

The same hypothesis reduces equati(m (28), to 

^ 2tan.a y««\ 
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Tia wcanta uid eowCBDta of ores are not given in our table, because 
Uiej lie very litUe vaed in practice ; and if any particular Meant fa 
required, it can be determined by BubtractiDg the coeine from 30 ; and 
the GOMcant can be found bj enbtracting the sine from 30. 



PROPOSITION 8. 

In Ofqi r^it angled jtlatu trianglt, ue may hoM the /oHowiriff 

let. At Ih* hypatnwM U to either si<U, to is the radivi to the tine 
tf the atiffle cj^KtUe to that tide. 

2d. At one tide it to the olhtr tide, to it the radina to the tangent 
of the angle adjacent to the JiTst-men&med aide. 

3d. A» one tide it to the kypolemite, so it radius to the secant of 
the angle adjacent to thai tide. 

Let CAB represent any right 
angled triangle, right angled at A. 
AB &nd AC are called the sides 
of Uie A, and CB is called the 
hypotenuse. 

(Hbibj and Id all Mtna bsreaflor, ws bIuU nprewot the aiig;l«i of a trluiglo 
by the larn letten A, B, C, and the ddee oppadte to them, by the miaU telten 
-,»,«■) 

From dther acnte angle, as C, take any distance, as CD, greater 
or ten than CB, and describe the arc D£!. This arc measures 
the an^e C. From P, draw DF parallel to BA; and from S, 
draw HG, also parallel to BA or DF. 

By die deGnitiona of sines, tangents, and secants, DF is the sine 
of the angle C; SG is the tangent, CQ the secant, and CF the 




TSaw, by prc^tortional triangles we have, 
CB : BA=!:CD : DF 
CA:AB=CE:EG 
GA: CB=CS'. C& or. 



■, a : e^R : sm, CT 
■. 6 \c=R: \aa.C\Q 
,b ■.a=R: sec. (7 J 



Scholium. If the hypotenuse of a triangle is made radius, one 
side b the sine of the angle opposite to it, and the other side is the 
cosine of the same angle. This is obvious from the triangle ODF. 
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PROPOSITION 4. 

Jb any trimtgU, A» mne* cf the ta^n are to one onMar at th» 
tkht <^po»ke to AtM. 

Let ABC be aaj tri- 
»^. from tbe pabte 
A and S, as centers, with 
any radius, describe the 
arcs measaiing these tm- 
gleg, and draw pa, CD, 
and nut, peipendicnlar to AB. 

Then, . pa^wn^, mn=am.i) 

B; tbe umilar Ab, Apa and ACD, we hare, 

R : aa.A=b : CJ>; ot, fi(Ci))=4 nn^ (I) 

B7 tbe nmilar Ae £«w uid £ (72), we have, 

i! : Bin^=a : CD; or, ii(CZ))=«Mn.J (2) 
Bj equating the seoond members of equations (1) and (2). 
b stn^=a sin.£. 

Hence, . nn^ : un.£=a : b 

Or, . . a: £=Bin ^ : dn. i 

iSi:^a{tum 1. When either angle is 90°, its sine is radius. 

Schditan t. When CB is less than AC, and tiie angle B, acate, 
Uie triangle is represented hj ACB. When the angle B beC(«neB 
ff, it is obtnse, and the triangle is A Cff; but the proportion is 
equally true with either triangle ; for the angle OffD= CBA, 
and the sine of CB'D is the same as the sine of ASC. In pi'ac- 
tice we can determine which of these triangles is proposed by tbe 
side A3, being greater or less than A C; or, by the angle at the 
vertex C, bdngWge as ACB, or small as ACS. 

In the solitary case in which ^(7, CB,aiiA the angle ^, aregiveo, 
and CB leas than AC, we can determine both of tbe As ACB 
and ACS'; and then we surely have the right one. 

PROPOSITION S. 
Jf fnm any angU e^ a triangle, a petpendiadar b« let fall on tit 
cgpoiilt nie, or ban, tke temgmti of the tegmenit <^ the angU tin to 
om mnalktr at the tymenti cf the bcu». 



■ Q.£.D. 




M StlRTETINO 

Z.etJ£(7 be the triangle. Let blithe 
perpeadicalar CD, on the side AB, 

Take any radios, as On, and describe 
the arc which meBsures the angle C. 
From n, draw $nj9 parallel to AB. Then 
it is obrioiu Haai. np b the tangent of the 
an^e DCB, and n^ is the tangent of the angle jlCZ). 

Now, by reaacm of &e parallels AB and qp, we have, 
2» : np=AD : DB 

That is, tan.^Ci> : imJ>CB=AJD % BB Q. E. D. 

PROPOSITION 6. 

i^ aperpmdicular b» let/all/rom am/ angle of a tricmffle loUs op- 
potUe side or bate, Ihia bow U to the turn o/the olhsr two tides, at th« 
diffvrenu (^flhe sides istotht d^erence of the segments o/the bate. 
{See iigure to proportion fi.) 

Let AB be tbe base, and from (7, as a center, with the shorter 
side as radios, describe tbe circle, cutting ^£ in G.AOiaF, and 
produce AC to £!. 

It is obvious that A£ is the sum of the sides A and CB, and 
AF is their difference. 

Also, AB is one segment of the base made by tbe perpendicular, 
vid BB^BC/ is the other; therefore, the diOerence of the seg- 
ments is ^tf. 

As j1 is a point without a circle, by theorem 1 8, book 3, we have, 
ABxAF=ABxAa 

Hence, . . AB : AE=AF: ACf Q. E. B. 

PROPOSITION 7. 
The Stan of any two sides cf a triatigle, is to rt«r difference, at 
the tangeni of the half stmt of the angles apposite to these aides, to 
the tanffttU of half tiwir difference. 
Let ABC be any plane triangle. Then, 
hy proposition 4, trigonometry, we have, 

CB : AC=Bm. A : %mB 
Hence, 
CB+AO: aB^AC=sai.A-'r«m.B : mi~A—wa.B (th. 9 b. *) 
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But, tan. { ^ ) : tan. ( ^ ) =^.A+^.B : 
(eq.(l),trig.) 

Comparing tlie two latter proportions (th. 6, b. 2), 
CB+AC : OB—AC= t«n.(:^±^ 



):t«..(^)«.JEi>. 



PROPOSITION 8. 

Oivm th4 tkm tida <f tau/plim» bwigle, to find Kme rriation 
wkich Mty nuul bear to lh4 tmti mtd eonnn of tht rttpacUve angiet. 

LttABCheiiit^ 
triangle, and let the 
perpendicniar fiill 
either npon, or 
withoitt the haee, 
as shown m the 
figures; and b^ > 
recurring to theorem 38, book I, we shall find 

-==^±^' (.) 

How, by prt^Koition 3, trigonometry, we have, 

Ji : coB.C=i i CD 
Therefore, . CJ>=^^ («) 

Bqnafing these two values of CD, and reducing, we have. 




2ab 



(«) 



]b this expression we observe that the part of the numerator 
wMch has the minus Mgn, is the side opposite to the angle ; and 
that the denominator is twice the rectangle of the sides adjacent 
to the angle. From these obserrations we at once draw the fol- 
lowing expressions for the cosine A, and cosine 3. 



«^B=-^ 



Sic 



(») 
(p) 
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As these ezpressiong are not GanTenieiit for logarkfaouc compu- 
tation, we modify them as follows : 

If we put iassiA, in equation (31), we have, 

C08.-4+ 1 =2 COS.' ^-4 

In the preceding expression (n), if we connder radius^ unity, 
and add 1 to both members, we shall have, 

cos.il+l=l+ ^^gp' 
Therefore, 2cos.»i^r=???±^±:^ 

** 2bc 
Oonriderii^ {h-^-c ) as one quantity, and obserring that we have 
tka difierenoe of hfo »guatr€$^ therefiH^ 
(H-^>»-^«(i+H-«)(H-o-«); but (ft+<>-«)=64-<.+«— «« 

Hence, . ft^.^ iAJ''^^^^(^^+^'^^ 

,,^ (-- 8-)(-l ") 

Or, . . cos/^-4= ^- 

By putting — - — =39, and extracting square root, the final 

z 

reanlt for radius tmity, is 



cos-i^^'V & 



Tot any oQier radius we nms t write. 
By ukference, cos4J5=-^ — ^ ^ 



ac 



Also. . . coei(7=V^ 



»— c) 



06 

In every triangle, the sum of the three angles must equal 180^; and 
if one of the angles is small, the other two must be comparatively 
large; if two of them are small, the third one must be large. The 
greater angle is always opposite the greater side ; heDce, by merely 
inspecting the given sides, any person can decide at once which is the 
greater angle ; and of the three preceding equations, (hat one should 
be taken whidi applies to the greater angle, whether that be the par- 
ticular angle required or not; because the equations bring out the 
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etmnes to the angles ; and the cosines, to yeiy small arcs yary so slowly^ 
that it may be impossible to decide, with sufficient numerical accuracy 
to what particular arc the cosine belongs. For instance, the cosine 
9.999999, carried to the table, applies to several arcs ; and, of course, 
we should not know which one to take ; but this difficulty does not exist 
when the angle is large ; therefore, compute the largest angle first, 
and then compute the other angles by proposition 4. 

But we can deduce an expression for the sine of any of the angles, 
as well as the cosine. It is done as follows : 

EQUATIONS FOR THE SINES OF THE ANGLES. 
Hesoming equation (m), and considering radius, unity, we hare, 

COS. C7= — --= 

Subtracting each member of this equation from 1, giyes 

■- »<^'-(=^) (■) 

Making 2a=C7, in equation (32), then a=^G, 

And . . 1— cos.(7=2sin.'i(7 (2) 

Equating the right hand members of (1) and (2), 

2 sm. 4-07= z 

^ 2ab 

(c+h — g)(c+q — h) 

Or, • . . ma.%C= -^ 

But, . c+b-^ ^c+b+a_^ ^^ c+a:^ j^+b 

2 2 2 2 

Put • — ^ s ss , as before ; then. 



3„>...r=./(?z:?K?r:^ 



Bj taking equation (jp), and operating in the same mamier^ we 



^ ^ <2C 

From («) . . sbLi^=^OK3 
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The preceding results are for radius unitj; for an} other 
radius, we must multiply hj the number of units in such radiu* . 
For the radius of the tables, we write B; and if we put it under 
the radical sign, we must write H^; hence, for the sines corres- 
ponding with our logarithmic table, we must write the equations 



jan^B^yj- 



ae 



,,...- m— a)(-i) 



A large angle should not be determined \>j these equations, for 
the same reason that a small angle should not be determined from 
an equation eiqiressing the cosine. 

In practice^ the equations for cosine are more generally used» 
because more easily applied. 

In the preceding pages we hare gone oyer the whole ground of 
theoretical plane trigonometry, although several particulars might 
hare been enlarged upon, and more equations in relation to the 
combinations of the trigonometrical lines, might have been given ; 
but enough has been ^ven to solve every possible case that can arise 
in the practical application of the science. 

By the application of equations (1), (31), and (32), the table 
of natural sines and cosines has been computed. 

The operation is as follows. Ths sine of 30^ is half radwa; 
making the radius unity^ equation (1) gives 

i+cos.« 30^=1 : whence cos.« 30**=sJ or cos. 30°=s^^3[ 

From (32) we have, ffln.a=A/ in^^?!^ 

2 
Making 2a=30®, then sin. 16^=(^ — JV3)^=*^-*^SS1904 



From (31) we have, cos.a=/i/^ ^+cos. 2a 



2 . 

Makmg 2o=30«' as before, cos.a=(i+ J^s )*=:0.96692682 

Having sme and cosme of 15^ the second application of these 
equations will give the sine and cosine of the half of Iff", and so 
on through as many bisections as we please. 
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Bmng derirooa of giving a full exposition of tbe fbnnstion of 
table II, we ^ve the followiag geometrical demonstratdon of equa- 
tioii 30, b^ the help of tbe figure in the margin. 
Let the arc AD=ia 
Then -DG=sin. 2a, OG=om. Zo, 

W=coe.a, DS=iI>0=:2coB.a. I 
The angle DBA being at the circnm- I 
ference, is measnred by half the arc AI), I 
or by a. 

Now, by applying i»«position 4 to the triangle DSG, we hare 

aa.J)B9: DQ=am.90° : BD. 
Tbe ma. DBG=ma. a, and sin. 90°=! I, &e radius bebg unity; 
Qierefore, the preceding pn^)ortion becomes, 

■in.a : sin. 2a=l 1 Zcoe. a. 
'Whence 2 cos. a w. a=sin. go. (Same as eq. 30.) 

PROBLEM. 

Oivm M0 tine and cotine of on arc, io find tKt sine and eoMTte of 
one half that are. 

Designate the given arc by Za, the radius by tmlty, and whatever 
be the raHns of a, eqoation (1) gives 

C08.*s-|-8in.»a=l (m) 

It is proved m prop08itJ<»i 1 , that the sine of 30° is half the radins: 
therefore, let 2a^30°, then sin. Sa=0.fi : and equation 30, just 
demonstrated, ^ves 

2 cos. a sin. a=0. 6. (n) 

Add (m) and (n), and extract the sqnare root of both members. 

Then cos.a-|-Bin.a=1.22474486 (0) 

Subbacting (n) from (m), and extracting square root, ^ves 
COS. a— ran. o=0.707I0678 {p) 

By nbtractdng, and addmg (;>) and (o), and dividing by 2, w« 
ind 

rin. a=ein. 16° =0.25881904 
COB. a=cos.] 6<'»0.9669258t 
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Nowlet2a=16^ Then 

cos.'o+sin.*a=l. 
and 2 cos. a sm. a=0.25881904 

Operating as before, we find 

sb. a=:sin. T 30'=0.130526192 
COS. a=cos. T 30'=0.99 14447879 

Again^ put 2a=7° 30' then as before, 

cos,«o+sin.*o=l 
2 cos. a sin. a=0. 130526 1921 

These equations giye 

sm. a=8in. 3° 46' =0.066403 1291 
cos. a=cos. 3° 46'= 0.9978689222 

Thus we can bisect the arc as many times as we please. After 
five more bisections, we hare 

sm. a=sm. 7' 1" 62f" =0.0020463077 
cos. a==cos. 7' 1" 62|"'=0.99999799 

As the sines of all arcs under 10', may be considered as coin- 
ciding with the arc, and varying with it, we can now find the sine 
of r by proportion. 

Thus, r 1" 62J'" : 1' : : 0.0020463077 : sm. 1 

Or, 25312.5"' : 3600 : : 

Or, 10126 : 1440 : : 0.0020463077 : sm. 1' 

Whence sm. l'=0.0002908882 

sin. 2'=0.0006817764 
sin. 3'=:0.0008726646 

In formula {B) equation (11), we find 

sin. (a+i) +sin. (a — 6) =2 sm. a cos. h 

Now, if 0=3' and 6=1' 

sin. 4'-|.8in. 2'=2 sin. 3' cos. 1' 

We have already sm. 2' and sin. 3', and cos. 1' does not sensibly 
differ from unity ^ therefore 

sin. 4'=:2 sm. 3'— sm. 2=0.001 1636528 
sin. 6'=2sin. 4' cos. 1 — sin. 3' <fec. <fec. to 16' 

When the sine of any arc is known, its cosine can be found by 
the following formula, which is, in substance, equation (1) trigo« 

nometry cos. a= ^(1+sin. a) (1 — sin. a) 
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Lx formiila (A) equation (7) we find that 

on. (a4-6)ssss]n. a cos. d+cos. a sin. b 

Now» if we make 0=30'' and b=s4' Then 

sin. aasO.S cos. a=:|^=0.8660254 
sin. 5=0.001 16365 cos. 5=0.999999323 

Whence 
on. (30° 4')=(0.6) (0.999999323)+(0.8660264) (0.00116366) 
=0.499999661 + 0.0010007620 

=0.601007281 

Equation (8) gires 

on. (29** 66')=0.498992041 

When the sine and cosine of any arc are both known, the sine 
and oofflne of the half or double of the arc can be determined by 
equation 30 ; — and thus, from equations (30), (7), (8), (.11), and 
(1), the sines and cosines of all arcs can be determined. 

But these sines and cosines are expressed in natural numbers, to 
radius unity, hence they are called natural sines and natural cosines^ 
and they are all decimals, except the sine of 90*^ and the cosme of 
0°, each of which is unity. 

To form table II, we require logarithmic sines, and cosines, which 
are found by taking the logarithms of the natural sines and cosines, 
and increasing the indices by 10, to correspond to the radius of 
10000000000. The radius of this table might have been greater or 
less, but custom has settled on this value. 

To find the logarithmic sine of T, we proceed thus, 

Nat. sin. l'=0.0002908882 log. —4. 463 726 

To which add lO 

The log. sine of 1', therefore is 6. 463 726 

Kat. sm. 3'=0.0008726646 log. —4. 960 847 

Add . lO 

Log. sin. 3' therefore is 6. 940 847 

Thus the logarithmic sine and cosine of all arcs are found. After 

the logarithmic sme and cosine of any arc have been found, the 

tangent and cotangent of the same arc can be found by equations 

(3) and (6), and the secants by (4); that is, 

. JSsin. a X « Mcos.a ^ ^ R^ 

tan. o= cot. a= — : sec. a= 



cos a sm. a cos. a 



\ 
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For example, the logaaritlmue sine df &* k 9iOlMSB, and its 
cosine 9.997614. From these, ^d ^taa., cot, tmd recant 

i^sxn. ^ - * - • t9iDl9t36 
Ck)ft. - - * - subtraiift BMieU 
Tan. is 9.021621 

i^cos. 19.997614 

Sin. ... subtraict 9iOI9236 

Cotan. is . . - - 10.978379 

i2«i8 20.000000 

Cos. .... subtract 9.997674 

Secant is 10.002326 

Thus we find all the materials for 

TABLE II. 

This table contains logarithmic sines and tangents, and natural 
smes «nd cosines. We shaU confine our explttnsttioiis to 4he loga- 
rkhmic 43ines and cosines. 

The «ine of every degree and minute of the quadrant is giren, 
directly, in the table, conmiencing at 0° aaid extending to 48^, at 
the head of the table ; and from 45"* to SO"*, at the foot of (the table, 
increasing backward. 

Hie same column that h marked sine at the top, is marked cosine 
at the bottom ; aiid the reason for this is appasrent to any one who 
has examined the definiti<»is of sines. 

The difiference of two consecutive logarithms is given, correspond- 
ing to ten seconds. Removing the decimal point one figure will 
give the difference for one second ; and if we multiply this difference 
by any proposed number of seconds, we shall have a difference 
corresponding to that number of seconds, above the logarithm, 
corresponding to the preceding degree and minute. 

For example, find the sme of 19*» 17' 22". 
The sine of 19** 17', taken directly from the table, is 9.618829 
The difference for 10" is 60.2 ; for 1", is 6.02x22 133 

Hence, 19*^ 17' 22" sine is 9.51 8962 

From this it will be perceived that there is no difficulty in obtaining 
the rin. 4)r tan., cos. or cot., of any angle greater than 30^. 
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Comreisely. Given the logarithmic sine 9.989419, to find its cone*- 
ponding arc. The sine next less in the table, is 9.982404, and giyes 
the arc 73° 48'. The difference between this and the given sine, is 8, 
and the difference for I", is .61 ; therefore, the number of seconds cor- 
responding to 8, must be discovered by dividing 8 1^ the decimat .61, 
which gives 18. Hence, the are sought is.TS^' 48' 13". 

These operations are too obvious to requine a. rule. When the arc 
is very small» suich arcs as are sometimee required in astronomy, it is 
necessaiy to be very accurate ; and for that reason we omitted the 
difl^nce for seoondi for i^l arcs under 80^ Assmmng tilat the sines 
and tangents of arcs under* 8<K vary in tile same' proportion as the ai!Ci; 
themselves, we can: find the sine or tangent of any very small arc to 
great accuracy, as follows : 

The aske of 1', aa expressed in tikff* taUe» is 

Divide this by 60 ; that is, subtract logarithm • 

Thebgarithmic rine-of 1'% therefive, is • 

Now, for the sine of 17", add the logarithm, of 17 . 

Logaritiupic sine of 17", is 6.916094 

In the same manna* we may find the sine of any odiflr suU are. 

For example, find tike sine of 14' 91^"; that is» 36a"6 
TO'logarithnilc sineof 1", is^. ••...» 4.685<675i 
Add logarithm of 861.6 9.935956 

do sine of 14' 91^" 7.690830 



6.463799 
1.77^161 

4686676 
1.930449 



Wlliwntfiathev preUminarie8».we may now proceed to practical 



SXAlf FLS8. 

S. Bi a right angled tritogle,AJ9C, given 
the base, AJ9, 1914, and the angle A, 6l<> 40^ 
W, to find the other parts. 

To find BC. 

Aa radius % .. IQ.QOOOOO 
: tan.A 61^ 40' 30" 10.109119 
AB 1914 • 3.084919 
BV 1686.8 . 







3.18683» 

N. B. When tte finrt term of a logarithmic pfoportioik is radtQ8» 
the resulting logarithm is feund by adding the second and third loga- 
rithms, rejecting 10 in the index, which is dividing by the first term* 

In all cases we add the second and third logarithms together; which, 
in- logarilbms, ie multiplying these tennis together^ asd firom that nm 
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we subtract the first logarithm, whatever it may be, which is 
dividing by the first term. 

To find -4a 

As sin. C, or COS. -4 5V 30' 40" - - - 9.792477 

: -4-B1214 - - - 3.084219 

: : Radius - - - 10.000000 

: -4C71967.7 - - - 3.291742 

To find this resulting logarithm, we subtracted the first logarithm 
bom the second, conceiving its index to be 13. 

Let ^^C7 represent any plane triangle, right angled at B. 

1. Given«4(773J26, and the angle .4 49'' 12' 20"; required the 
other parts. 

Ans. The angle C 40** 47' 40", 5(766.46, and AB 47.87. 

2. Given AB 469.34, and the angle A 51'' 26' 17", to find the 
other parts. 

Ans. The angle 38° 33' 43", 5C7 688.6, and AC 752,9. 

3. Given AB 493, and the angle (720° 14' ; required the remain- 
ing parts. Ans. The angle A 69° 46\B0 1338, and AC 1426. 

It is not necessary to ^ve any more examples in right angled 
plane trigonometry, for every distance in the traverse table is but the 
hypotenuse of a right angled triangle, and its corresponding latitude 
and departure form the sides of the triangle. 

If amy one shmUd suspect an error in the traverse table, let Mm test it 
ly computing the triangle anew. 

OBLIQUE ANGLED TRIGONOMETRY. 

Of the six parts of a triangle, three sides and three angles, three 
of them must be given and one of the given parts must be a side. 

The subject presents four cases. 

1. When two sides are given, and an angle cpposiie one of them. 

2. When two sides are given, and the included angle. 

3. When one side and two angles are given. 

4. When the three sides are given. 

The principles previously demonstrated are sufficient, and indeed 
ample, to give all solutbns that can come under any one of these 
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eases. The operator must use his owiv judgment in applying these 
principles. 

We give aot ^cample in each case, which,, vitk the incidental 
examples, will be sufficient to. fix the prind^ea )&^ th» mind of the 
operator. 

EXAMPLE 1. 

In any plane triangle^ given, onfi side and the two adjacent angles, to 
find the other sides and angle. 

In the triangle ABG, given ^i3=:376, the angle ^»4d° 3', and 
the angle ^^=40*^ 14'^ to find the other parts. 

Aa tibft 8«HL ^tibe thre^ angles of every triangle is equal to 180% 
tiu^tkkdaiigjte GmsAJbst 180^—88'' ir==9r 43'. 

I;99T&UME1ITAI.LT. 

Take Vt^ bom the seafe^ by means of the dividers, and place it 
on pape^; msHAog catft extremity of the line A^ and the other 
extremity B. From A^ by means of the protractor (or otherwise^ 
make the angle ^=48^ 3', and &om B, make the angle 
J?=s40^ 14'. The mtersections of the Unes AC, BO, will give the 
angle C, which being measured will be found to be a little more 
than a right angle. 

Take ^C7 in the dividers, and apply it to the scale, and it will be 
found to be 243 ; and BC will be found to be 279.8, if the projeo>» 
tion is accurately made; hut no one should esopect numerical accuraq^ 
from this mechanical method. 

N. B. Onr figures in the book do not pretend to accaiacyi they vhoold bo 
drftwn on paper on. a larger scale. 

BY LOOABITHlfS. 

To find -4(7, 

As sin. 91^43' - - - 9.999806 

: -4.B376 - - - - 2.676188 

:: 8in.-4^40M4' - - - 9.810167 

12.386366 
: -4(7243 - - - - 2.386660 

Observe, that the smeof 9r 43' is the same aafheconneol I'' 4^. 
6 
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To find BC. 




ABidn.91-43' . . . - 


9.999806 


: -IB 376 


• 2.575188 


;: Bill. 4 48" 3' - - - 


9.871414 




12.446602 


: JC7879.8 


2.446797 




EXAMPLE 3. 

la a plant triangU, ^ven two tidea, and an anglt oppotite one ^ 
Ihtm, to deUrmme the other parU. 

Let ^Z>=17fil. feet, one of ae given I 
rides. The angle i)=3r 17' 19", and 
the side opposite, 1257.5. From these I 
d&ta, we are required to find the otlier I 
Bide, and the other two angles. 

In this case we do not know whether I 
^CoT ^£ represents 1257.5, becanse * 
A C=AE. If we take A for the other ^ren ride, then i) C7 is the 
other required side, and DA C is the vertical angle. If we take AS 
for the other given side, then DE is the required side, and DAE is 
the Tertdcal angle ; hat in such cases we determine both triangles. 

IHBTEOHEFTALLT. 

Draw DE indefimtely — from the point D make the angle 
i)=31''17'. ^i>=:1761., but call it 176.1, which take from the 
scale. Place one fixit of the dividers at D, the other foot will extend 
to A, thns finding the point A. 

Take 125.75 in the dividers, place one foot at .<4 as a center, and 
with the other strike an arc, cutting DE in C and E. Join A G, 
AE, and one or the other of the triangles A CD ADE, will he the 
triangle required. D and DE appKed to the scale, will give one- 
ienih of the required aide, and the angle E at D CA, measured, will 
be one of the required angles. 

We can also take one hundredth part of the aides, as well as the 
tenth ; this will make no difference with the angles, the triangles 
thns formed will be similar. 

In that case ^i>=: 17.51, and the ride sought will be 23.64, iriiich 
can be changed to 2364. 
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BT LOOABITRM8. 

To find the a^ E^C. 

(Prop.4.)A8^(7=:.i^s=1257.6 log. 3.099508 

:i>31°iri9" sin. 9.716460 

:; AD 1751 log. 3.243286 

12.958746 



jB= (7 : 46° 1 8' ain. 9.869238 

From 180<' take 46'' 18', and the lemainder is the angle DOA 
:133*'42'. 

The angle DAC^ACE—D (th. 1 l.b. 1) ; that is, 
DA0=:46'' 18'— 31° 17' 19"=15° 0' 41". 

The angles D and Jff, taken from 180°, give DAJS^102? 24' 41". 

To find DO. 

As sm. D 31° 17' 19" k)g. 9.715460 

: ^C7 1267.5 log. 3.099508 

:: sm. -0-4(7 15° 0^41" log. 9.413317 

12.512826 



: 2)(7626.86 2.797166 

To find DE. 

As on. 2> 31° ir 19 9.715460 

: ^iE^1257.6 3.099608 

: : sm. 102° 24' 41" 9.989730 



13.089238 



: i>^ 2364.5 3.373778 

N. B. To make the triangle possible, A C must not be less than 
AB^ the sine of the angle D, when DA is made radius. 

EXAMPLE S. 

In any plane triangle, given two sides and the included angle, to find 
ihe other parte. 

Let .4i>=1751 (see last figure), 2)^=^2364.5, and the included 
angle i>=:4r 17' 19". We are required to find DE, the angle 
DAE, and angle E. Observe that the angle E must be less than 
the angle DAE, because it is opposite a less side. 
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Take 2>J^s=236.46 froDoi the seale (as- Beav as possible}^ and from 
D draw i>u4, making the given ang^e 31 "^ IT 19". 

Take 176.1 from the acale^ in the draders, aad with it mark off 
DA. Join AE ; and AI>£ will be the triangle fax ^uesetion, and AE 
applied to tike aeale will give the tenth part of the side sought ; and 
measuring die angle £ with the protractoi: (or otherwise), will 
detennine its value. 

BT LOaABITRKS. 

From .... 180** 
TakeD . ^ • ► »t« iri9^ 

Sum of the other two angles =148'' 42' 41" (th. 11, b- 1) 
isum ... = 74*211' 20" 

By proposition 7, 
DB+J>A : DJS—DA^taa. 74** 21' 20" : tan. ^ (DAS—S) 

That is, 
4116.6 : 813.6c=tan.74° 21' 20" : i(J)A£^^ 

Tan. 74° 21' 20" - - - 10.662778 
613.6 2.787816 

13.340693 
41 16.6 log. (sub.) 3.614423 

^jyAH^B) tan. 28*^ 1' 36" 9.72617a 

But the half sum and half difference of any two quantities are 
equal to the greater of the two ; and the half sum, less the half 
difference, is equal the less. 

Therefore, to 74*^ 21' 20" 
Add 28 1 36 



i>-4;^=102*^22'66'* 
JE^B 46 19 44 

To find AK 
As sm. JE^46*' 19' 44" 
: 2>i4 1761 .... 
: : sin.i>31*»iri9" 


* 

9.869323 
3.243286 
9.716460 


: AuEllUl^ 


12.968746 
3.069423 



OBLiatTB ANGLED TRIOONOHETRT. 
EXAUPLB I. 

{Hem ihe &ret tides 0/ a plane triofiffh to find the anfflei. 
QiveaA0=17&l, CB=l«67.fi, ^15=2364.5 
If we take the fonnnla for co^nes, we will 
sompate the greatest aa^e, which ia 0. 

IIBTXtrMEHTALLT. 

Constrnct a triangle with the three given I 
odes 236.46, 125.76, and 175.1, according I 
to problem 16, chapter 1. The angles then measured will show 
thOTTalofi. 

BT LOOAKITBKI. 




Ji* 




20.000000 


a=>2686.6 




3.429187 


»— c=322 




2.607866 


Numerator, 


log. 


26.937043 


a 12S7.6 


3.099608 




i 1761. 


3.243286 




linator, log. 


6.34S794 


6.342694 




2)19.694249 


JC= 6I»ll'10"cofl. 




9.797124 


(7=102 22 20 







The remaming angles may now be found by problem 4, 
We gire the following examples for praotioal exeruses : 
Let ABC represent any oblique uj^ed triangle. 

1. Given ..15697, tlie angle A 81° 30* 10", and the an^a S 4ff> 
30* 44", to find the other parta. 

Ans. AG6S4, SCQIS, and the angle (767° 5S' 4". 

2. If .4(7=720.8, the angle ^=70" 6' 22", and the angle £=■ 
69° 36' 36", required tLe other parts. 

Ans. ..4.5 643.2, .8(7786.8, and tlie angle C7600 19'6". 

3. Given £(7980.1, the uigle.<l 7° 6' 26",and the angle £106* 
V 23", to find the other parts. 

Ans. ..1£7284, >1C7613.3, andthsuis^e (7 66° 61' 11". 



SURVETING. 

8to8SiDEis» &1fia' art of numing definite liiie&oir tiie snrfaceof' &e 
em&t. mssusuaaBf^ tbaniy and finding the contents of lands ; and the 
8iiib|0ct neeossasillf indudes the measure of surfaces generallj. We 
BtftU' a^smtam aomnMaice with mensuration. 

Meaisoraition la the application of the principles of Geometry, to. 
the measure of surfaces and solids, and when lands are measured it 
is a part of suxYeTing. We shall be very brief on mensuration 
proper, because the rules are so ample and obvious. For the 
demonstration of the rules, we refer to (Legendre and Robinson's 
Geometry.) 

All surfaces are measured by the number of square units which 
they contain. The unit may be taken at pleasure ; it may be an 
inch, foot, yard, rod, mile, 6sc,p as convenience and propriety may 
dictate. 

The square unU is alwtqrs l&e square of the Imear unit. 

PROBLEM I. 

To find the area of a square, or a parallelogram. 

RuuB. — MfdUpiy the length hf the perpendicular ^recuM, and the 
product wUl he the area, 

(Leg. b. W, prop^ Y. Kolk bocrit I, tL 29). 

lu What is th« anea of a aquaro whose sidea aro & feet 3. iafihes ? 

An8« 39^ square, feet. * 

2. How many sqioar^ feot fla:e m a board that ia 13^ feet long 
and IQ inches wide ? Ans. 1 1^ square feet.. 

3. A lot of land is 80 rods long,, and 45 rod^ wide, how maoiy 
aquaiie rods doea it cQUbam^ andhow many acres ? 

Ans. 3600 rods, 22^ acres. 

* NoTB^— ReducUons from one meuwre ta aMUurhvpft no bbAmemim tatfia 

ndtahtta ghwA 
(70) 
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'4. A msn Ixraglit a iann 198 rods long, and 160 voAb iride, at 
$32 per acre ; wliat did it come to? Ans. $6940. 

PROBLEM II. 

To find the area of a triangle, when the base and altitude are 
giren. 

Rule. — MtdHply one qf these dimenaiom ly hoSf the other, aund 
Hhe product vnU he the area required. 

(Leg. book 17, p. YI. Rob. book I, th. 30). 

1. How many yards in a triangle whose base is 148 Feet, and 
perpendicular 45 feet ? Ans. 370 yards. 

2. What is the area of a triangle whose base is 18| feet and alfi- 
tade 26^ feet ? Ans. 231^} feet. 

PROBLEM III. 

£ive$tiffate and give ande fw finding the area of a triangle whm 
two eidee and their included angle are given. 

Let ABO be the triangles, AB, BO the 
given sides, and B the given angle. 

Represent the side opposite to the angle A, 
by a, opposite O, by e, and opposite B, by b. 

Now a and c are the given sides, and by problem II, the area is 

ia(AI>) (1) 

The trigometiical value of AD can be fcmnd from the right 
angled triangle ABD. 

Thus, sm. ADB : c : : sin. ^ : AD, 

That is, 1 : c : : sin. ^ : AD. 

Whence AD=:c sin. B. 

This value of AD substituted in (1) gives 

\ae sin. B=s area A (2). 

This expression is the area of the triangle, and from it we draw 
the following rule. 

Rule. — Take half the product of the two given sides and multiply 
it by the natural sine qfthe included angle, and the last product wUlbe 
the area required. 
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1. One cdde of a triangle is 84 feet, another 90 feet, and ih< 
mchided angle is S?"" 31'. What is the area ? 

Ans. 1746.4 square feet. 

ST^" 31' Nat sine. • - - 46201 
\ac ' - - '. 3780 

3696080 
323407 
138603 



1746.39780 Ans. 

When we use logarithms we hare the following role : 

Bulb. — To the logarithms of the two sides, add the log, sine of the 
included angle, and the stan rejecting 10, in the index, is the logarithm 
of tvnce the area of ike triangle, 

2. A certam triangle has one side 125.81, another equal 57.65, 
and their included angle 57^ 25', what is its area ? Ans. 3055.7. 

125.81 log. 2.099715 

57.65 log. 1.760799 

57° 25' sme 9.925626 

2 Area, 6111.4 log. 3.786140 

3. How many square yards in a triangle, two sides of which are 
25 and 21^ feet, and then: included angle 45° ? Ans. 20.8695. 

PROBLEM IV. 

Investigate and give a rule for finding the area of a triangle tehen 
the three sides are given, 

(See figure to problem HE). Let A represent the area of anj 
plane triangle, then by problem III 

^=^ffln. j5. (1) 

But sin. B=Z sin. \B cos. ^j5. (Eq. 30, trigonometry). 

Therefore, A=iac, sm. ^B cos. \B, (2) 

Now in proposition 8, trigonometry, we find 



Sin.j5=y<i=2K£=:L), (S) 

^ ac 



and COB. i^=A/*<*"^) (4) 

^ ac 



PLANE TRIOONOHGTRT. 
The product of (3) into (4) is 

». 1£ »,. ,a, / .(-^)('-^) (^, 



ot o.»n.t£co..J£=^,{,-^)(,--i){«,). 
By comparing (2) and (6) we perceive that 



(5) 

m 



A=J,(,-«)(,-iX,~c). 
Here * represents the half eam of a, b, and c, therefore, we have 
the following rule to find the area when the three Bidua are given. 

RuLB- — Add tie thrM lidei U^tlhtr omf take hd/ tlu gum. Fnm 
the half mmtaJit each lidt teparoMy, IhuM obtaining three rtmamdert. 
MuIUpiy the uad half ram and the ihre* remaindert together ; the 
equare root of thia product it lie area requitwL 

I. Find the area of a triangle whose sides are 20, 30, and 40. 
Ans. 290.47. 
i snm =46, 1st Rem. =25, 2d=15, 3d=6. 



V46.26.1fi.6=,/225 26.16=15.6716=75(3.873)=290.474. 
8. How many acres in a triangle whose ^des arc severally 60, 
SO, and 40 rods ? Ans. 6'{ nearly. 

3. How many square yards are there in a triangle whose sides 
are 30, 40 and fiO feet ? Ans. 66^. 

4. There is a triangular lot of land conttuniag 8 acres, two of 
its sides an S4, md 46 rods respecdvely ; what is the imgle be- 
tween these sides, and what is the length of the remaining ude ? 

Ans. The angle is 60° 25', or is supplement 119° 35'. 
'nie side is 57.37 rods, or 95.535 rods ; the less angle COlTes- 
pondtng to the lesser side. 

In short, there are two triangles answering I 
to the conditions, the one is A££, the other I 
ABO. They are equal because they are on I 
the same base and between the same parallels, f 
ud£= 67.37, ^(? = 95.636. 
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PROBLEM V. 

To End the area of a trapeeoid. 

Rdle. — Add the two parallel sidet together, and take half tfa mm. 
ifidtiply thU hrdf sttm iy the perpendicular distance between the sidet. 

Or, The sum of the parallel sides multiplied bj their distance 
asunder will ^re twice the area. 

(Leg, book IV. pr<q.. VIL Bob. >. I, th. 31 ). 

RiUAKK. — Ths sppllcatloa of thli probleiD <■ the most importaal of auy 
In genera] lurreying, sa will ai^kesr In tbe Hqiiel, Bud if tbe {aoinetrieal 
theorem la not bmillBi to the itpdeal he ihauld agata raTlew It. 

Ex. I. In a trapeioid, the parallel sides are 750 uid 122S, aad 
the perpendicular diatanee between them 1640 Links; to find the 
(trea. 

1226 
760 

1976X 770=162076 square links =IS acr. 33 perches. 

Ex. 2. How many square feet are contained in a plank, whose 

length is 12 feet six inches, the breadth at the greater end 16 

inches, and at the less end 11 inches? Ans. 13^ J feet. 

Ex. 3. In measuring along one side AB of a quadrangular field, 

that aide, and the two perpendiculars let foil on it &om the two 

opposite comers, measured as below, reqtiired the cmtent. 

AP = no links 

^e= 746 

AE = 1110 

CP= 362 

I>Q= 696 

Ans. 4 acres, 1 rood, 5.792 perches. | 
Here we perceive a trapeioid and two tight angled triangles. 
N. B. A chtun is 4 rods, and contains 100 links ; 10 square 
chains make an acre. 

PROBLEM VI. 

To find th» Area of any Trapezwm. 

DiTiDi tite trapeiituu into two triangles by a diagonal ; then find 
th« areas of these triangles, and add them together. 
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Or Urns, let fell two perpendioulara on tbe diagonal fix)m the other 
two oppodte anglea ; then add theee two perpendicolara together, 
snd multiply Uiat sum by the diagonal, taking half the product for 
She area of the trf^Eiain. 

£x. 1. To find the area of the traperinm, whose diagonal is 48, 
and the two perpendiculars oa it 16 and 18. 
Here 16+18= 34, its half is 17. 
Then 42X 17= 714 the area. 

Ex. 2. How many square yarda of paving are in the trapezium, 
whose diagonal is 6£ feet ; and the two perpendiculars let fall on it 
S8 and S3\ feet ? Ans. 222,^ yards. 

When the sides of a trapesinm, and two of its opposite angles are 
given, the most convenient rule for finding its area is found in 
problem III. 

Conceive C£ joined, then the whole figure 
conusta of two triangles and the whole area 
ia found in the following ezpressiim 
(JB X ACX an.A) + (CPX DBXe 
CD£.) 

E X A U P I. K. 

In the quadrilateral AOJ>B we have AC 16.7, CD 20.4, DB 
14.24, and £A 27.7 rods. The angle A 78<^ 15' and the opporitft 
angle OPB 97° 30'. What is the area enclosed ? 

Ans. 3£6.65 square rods. 

PROBLEM VII. 

To find the area *f an irregular figure bounded by any number 
at right lines. 

RnLX. — Draw diagomalt dividing the figvre into Iriatifflet. t%nd 
thttxreaa ofikt triangUt to formed and add them together for the area 
^thetohde. 

Let it be required to find the I 
area of the adjoining figure of I 
five rides. On the supposition f 
that ^C=36.21 J^C=39.11 | 
Aa=4.l9 £b=4 and Dd=7.i< 
Ans. 296.129. 
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PROBLEM VIII. 

To fi&d tlie area of a long irregular 
figure like the one represented in the 
margin, it is necessary to diride it into 

irc^ezoicU. Then find the area of eaeh 

one of the trapezoids (hj problem Y.) and add them together Ibr the 
whole area. 

If however the trapezoids have equal distances between their 
parallel sides we can take a more summary process, which we dis- 
cover by the following investigation. 

The trapezoid AI!FI)=;\ (a+b)XAK 

EOHF^\{h-\'c)XEO. 
GIKH = \ (c+/) X GL 
*' " JBCK :=^\{d+e)XlB. 

On the suppositioa that AE, EG, GI, &c. are all equal to each 
0th^ the sum of these is / a . , . . , . c \ , „ 

irhich represents the area of the whole figure. 

From tibis we draw the following rule to find the area of a long 
ttid narrow figure bounded by a right line on one side, and a broken 
or curve line on the other, to which (ff sets are made at equidistant 
points along the right line. 

Bulb. — Add the intermediaJte hreadths or (ffsets together, and the half 
tumof the extreme one: thenmuUiply this sum by one of the equal parts 
qf the right line, the product will be the area required, very nearly.* 

- 1. The breadths of an irregular figure at five equidistant places, 
bemg 6.2, 5.4, 9.2, 3.1, 4.2, and the length of the base 60, what is 
the area? 
Mean of the Extremes 5.2 

Sum of 5.4, 9.2, 3,1 VLl 

Bom 22.9 

One of the equal parts 1 5 

114 5 

229 

Areass 343.5 

• In e«ie DF, PH^ &e. are right lines we shall have the area exactly, if they 
aie other than right Uaee the ana will be nearly. 
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t. The lengUi of an irregnlar figure being 84, aod the breadths 
«t tax eqoidlBtant places 17.4 20.6 14.2 16.5 20.1 24.4; what 
is the area ? Am. 15fi0.64. 

PROBLEM IX. 

To find Uie area of a circle, also anj sector or aegment of a 
rarcle^ 

BuT.1 1. — 7^ arm o^ a circle i* found by mtdt^ymg tht raduu 
bjf hafft^ etremiiftmtce. 

(Leg. book V, prop. 12. Rob. book V, th. I.) 

Ruix S. Mvitiply the tquare of the dianuttr by tie decimal .7864. 

mien the radius of a circle is 1, the length of one degree iw the 
drcumference is 0.01745 and the whole circumference is 3.1416. 

The radius and the circumference increase and decrease hj the 
same ratio, therefore the lengtli of any arc corresponding to anj 
rsdhis is eadly computed. 

A sector of a circle is to the whole circle as the number of degrees 
it contsins is to 360. 

The area of ^ segment of a circle as FAS, 1 
itaj be found by first finding the sector FGS, [ 
and from it taking the area of the triangle I 
FCE. 

This same triangle added to the greater sec- I 
tor will give the greater segment. 

These principles and rules are sufficient to ^ 
solve the following examples which are given merely as edacadonal 
Exercises. 

1. What is the area of a circle whose diameter is 10 ? 

Ans. 78.64. 

I. What is the area of a circle whose diameter is 20 ? 

Ans. 4 times 78.64. 

3. What is the area of a circle whose circumference is IS ? 

Ans. 11.4595. 

4. How many square yards are in a circle whose diameter is 3^ 
foet? Ans. 1.069. 

& I%id the length of an arc of SO", the radins being 9 feet. 

Ans. 3.141. 
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6. find ih6 lenglih of an are of 60^ the radius being 18 feet 

Ans. 18.846 

7. To find the length of an arc of 30 degrees, the radius being 9 
feet Ans. 4.71.15. 

8. To find the length of an arc of 129 10', or 12^^, the radius 
being 10 feet Ans. 2.1231. 

9. What is the aiea of a circinlar sector whose arc is 18^ and the 
diameter 3 feet ? Ans. 0.35343. 

10. To find the area of a sector, whose radios is 10, and arc 20. 

Ans. 100. 

11. Required the area of a sector, whose radius is 26, and its 
arc contai]^ 147^ 29'. Ans. 804.3986. 

12. What is the area of the segment, whose height is 18, and 
diameter of the circle 60 ? Ans. 636.375. 

13. Required the area of the segment whose chord is 16, the 
diameter being 20 ? Ans. 44.728. 

14. What is the length of a chord which cuts off one-third of 
the area £rom a circle whose diameter is 289 ? Ans. 278.6716. 

16. The radius of a certain circle is 10 ; what is the area of a 
segment whose chord is 12? Ans. 16.35. 

16. What is the area of a segment whose height is 2 and chord 
20? Ans. 26.88. 

17. What is the area of a segment whose height is 5, the diame- 
ter of the circle being 8 ? Ans. 33.0486. 

PROBLEM X. 

To find the Area of an Ell^ee, 

RiTLB. — MtiU^y the two eem-coBee together and their product ly 
3.1416. (See conic sections). 

1. Required the area of an Ellipse whose two semi-axes are 25 
and 20. Ans. 1570.8. 

2. The two semi-axes of anEUipse are 12 and 9, what is its area ? 

Ans. 339.29. 

To find the area of any portion of a parabola we multiply the 
hue by the perpendicular height, and take two-thirds <f the product/or 
the area required. (See conic sections). 
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Beqaired the area of a parabola, the base being 20, and the aM- 
tade 30. Ans. 400. 

The sorfi&ces (^prisms, cylinders, pyramids, cones, Arc, are found 
by the application of the preceding roles. 

From theorem 16, book Vll, Geometry, we learn that 

7^ convex surface of a sphere is equal to the product of iis diame^ 
ter into its circumference. 

The surface of a segment is equal to the drcwntferenee of the sphere^ 
vudHplied into' the thickness of the segment. 

In the same sphere, or in eqwd spheres , the surfa/ces (^d^erent eeg^ 
mends are to each other a^their dUiiudes, 

MENSURATION OF SOLIDS. 

Bt the Mensuration of Solids are determined the spaces included 
by contigaotis snr^BM^es ; and the snm of the measures of these 
including surfaces, is the whole surface or superficies of the body. 

The measures of a solid, is called its solidity, capacity, or 
content. 

SoHds are measured by cubes, whose sides are inches, or feet, or 
yards, &c. And hence the solidity of a body is said to be so many 
cubic inches, feet, yards, &c., as will fill its capacity or space, or 
another of an equal magnitude. 

The least solid measure is the cubic inch, other cubes being taken 
from it according to the proportion in the following table, which is 
formed by cubing the linear proportions. 

Table of Cubic or Solid Measures, 

1728 cubic inches make 1 cubic foot 

27 cubic feet 1 cubic yard 

166} cubic yards 1 cubic pole 

64000 cubic poles . 1 cubic furlong 

512 cubic furlongs 1 cubic mile. 

As the mensuration of solids has little to do with surveying or 
nayigation, we shall leave this subject after simply stating the fol- 
lowing truths, which are demonstrated in solid geometry. 

in fact, these truths may be called rules for practical operations. 
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1. The solidity <^ a cube, paraUdqpiped, prism, or cylinder^ it 
found by mtdtiplying ike area of its hcae hy the altitude. 

2. The solidity of a pyramid or cone is found by mnUiplyiaig the 
hose by the altitude, and taking one-third of the product, 

3. The solidity of the frustum of a pyramid or cone %s found by 
calculaiinff the solidity of the pyramid when complete, and subtracting 
from it the solidity of the part removed ;or find the area of the top 
and bottom of the frustum^ and the mean proportional between these 
two areas. Add these three quantities together, and mtUtiply the 
sum by one-third of the altitude of the frustum, and the product 
will be the solidity sought, 

4. Cruaging is performed by considering a cash to be made up of 
two frustums of cones placed base to base; and applying the rules for 
the measurement of such solids. 

6. The solidity of a sphere is iufo-thirds of the solidity of its cir- 
cumscribing cylinder. 



CHAPTER I. 

MENSURATION OP LANDS. 

Lands are not only measured to find their areas, but their exact 
positions must be ascertained, the direction which each Hne makes 
with the meridians, or uM the north and south lines on the earth. 

The boimdaries of each tract of land are referred to that meri- 
dian which runs through or by the side of it. 

All meridian lines meet at the poles, therefore they are not 
parallel, (except at the equator,) but the poles are so far distant 
that no sensible error can arise from supposing them parallel, and 
all surveys are made on the supposition that the surface of the earth 
is a plane and the meridians parallel. When large surveys are 
made, like a coimty or a state, the spherical form of the earth 
should be taken into consideration. 

Meridian lines in surveys are usually determined by the magnetie 
needle, but the needle does not settle exactly north and south, gen* 
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«rally speaking, and the direction which it does settle is called the 
magnetic meridian. 

Surveys are often made by the ma^metic meridian as the true one, 
and this would answer every purpose, provided the diflference be- 
tween the magnetic and true meridians were every wivere and at cdl 
ixf]M9 the same, but this is not so. 

The magnetic meridian is variable, and for this reason it is very 
difficult to trace old lines, unless visible monuments are left, or 
unless the record refers to the true meridian. 

I^es are generally measured by a chain of 66 feet or 4 rods in 
length, containing 100 linkz^ each link is therefore 7.92 inches. 

The area of land is estimated in acres and hundredths, formerly 
in acres, roods, and perches, but the modem method is more simple 
and convenient ; we have a clearer conception of 35 hundreths of 
an acre than we have of 1 rood and 16 perches'. 

An acre is equal to 10 square chains or 100,000 square links. 

We may note down the length of a line in chains and hundreths, 
or in links only, for it is nearly one and the same thing : thus, 12 
chains and 38 links may be written 12.38, or 1238 links. 

The area of a field may be found by measuring with the chain 
only, and dividing it into rectangles and triangles, and computing 
eaeh of tiiem i^acately, according to the rules laid down in men* 
snration. 

The most oottm<« method for measuring a field for calculation, 
IS, to take the length of all the sides of the field with the chain, and 
their beatfngs with the surveyor's compass. With these notes an 
accurate plan or plot of the field may be made on paper, and then 
its contents ascertained by cutting it into triangles and measuring 
their bases and perpendiculars with a scale and dividers. A very 
little instruction from a teacher will enable the student to practice 
this method with success ; yet no instrumental measures pr^end to he 
numerically accurate, they are hut approxiraately so, 

TO MEASUBB A LXHS. 

Provide a chain and 10 small arrows or marking pins to fix one 

into the ground, as a mark, at the end of every chain ; two persons 

take hold of the chain, one at each end of it ; and all the 10 arrows 

6 



\ 
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are taken bj' one of them who goes foremoEt, ftnd is called tc' 
leader; the other being called the follower, for distinction's sake 

A fHcket, or BtatMn-ataff being set up in the direction of the Une 
to be measured, if tiiere do not appear some marks naturally in that 
direction, they measure straight towards it, the leader fixing down 
an arrow at the end of every chain, which the follower always takes 
up, as he comes at it, till all the ten arrows are used. They are 
then all returned to the leader, to ose over again. And thus Ute 
arrows are changed from the cme to the other at every 10 chains' 
length, till the whde line is finished ; then the number of changes 
of the arrows shows the number of tens, to which the follower adds 
ihe arrows he holds in his hand, and the nmnber of links of imother 
chun over to the mark or end of the line. So, if tliere have been 
3 changes of the arrows, and the follower hold 6 arrows, and the 
end of the line cut off 45 links more, the whole length of the line is 
set down in links thus, 3645. 

In all these measures horizontal distances are required, and they 
are obtained, at least very nearly, by holding the chain in a Aoria/n- 
tal position, both on ascending and descending ground. If the de- 
clivity is too great to admit of measuring a whole ch^ at a time, 
take a part of it, and in all cases the proper position of the elevated 
extremity should be determined by a plumb lint ■ ■ 

these operations is obvious by the 
adjoining figure ; we require the 
line AB, and not the line altwg 
the ground as AC. 

AB=ab+ed+/0. 

It IB not only necessary to 
measure lines but we must also 
know their direction or liit angles 
which they make with the meridian. 

This is commonly determined by means of the 
subveyob's ookfabs. 

The surveyor's comps&s consists of a horizontal circle to which 
are attached sight'vanes and a magnetic needle delicately balanced 
on its centre. 

When the compass u itt, that is, standing in a free hotuontal 
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porition and &e needle free to move 4»i the center, the needle vill 
keep the magnetic meridian, and the circular plate mny b» funttd 
imder it to bring the ught-vanes to any line ; — the needle will then 
point out tbe degree of inclination which the line makes with the 
meridian. 

It is important that this part of the rabjeot be most clearly under* 
stood by the learner, we therefore pve the fbUowing minute illu^ 
tarati(»i of IL 

£el the reader now face the north mth the book open h^mre Mm, his 
right hand is dies (oward the east, and bis left hand toward tha 
west. 

The following fig- g 
me lepresenta 
compass set to Hie I 
magnetic meridian, I 
that is the sight-Tanes I 
Vv and the needle I 
lie in the same direc- 1 
ti<m. The degrees 01 
the plat« are onm- 1 
bered both ways from I 
JTandjStoJSr'and wA 

At the first view I 
of this subject, it has I 
sorprised many 
find ^for uMf on die I 
right hand toward the I 
east, and H in 

direction toward the west The reason of this is expluned by the 
next figure. 

Suppose we wished to find the direction of a Ime from the center 
of the compass to the object S. We set the compass, that is 
place it horizontal on its staff or tripod, the needle will take the 
tame direction as in the first figure, parallel to the mar^n of the 
paper. 

The sight-Tsnes Vv are turned toward the object £ which turns 
the whole plal«, but the needle retains its position. 
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We now nod &6 
degree ptunted oat 
by the north end of 
tiie needle, and ve 
find it to be about 
50° on the arc 
between JV and £, 
thoteinff that the 




from the center of lie I 
eompasM lo£ia North I 
about fiO° toward the I 
KoaC — a result obvi- f 
oasly true. 

Tuniuig die light- I 
TUiea toward 
finlih weat win bring ^ 
Oie arc between JTand W to the north pdnt of the needle. For 
example, if it were required to run a line North 31° West, from a - 
certain pomt, all ne hare to do is to set the compass over that point, 
level the plate. Bee th^ the needle is free to move on its pivot, and 
so tnm the plate that the north end of the needle will settle at 31° 
between iV and W, the range of the sight-vanes will then show the 
vequired line. Proceed in tlie same manner to find any other line. 

Care shoidd be taken chat no iron or steel comes near the compass 
while operating with it. To inssre a correct position of the needle 
it the prindpal difficulty, bat if it settles with a free motjcm, descri- 
bing nearly equal arcs, slowly decreasing on each side of a given 
p<xnt and finally rests at that point, it operates well, and may be 
relied upon. 

In whatever direction we run, the north point of the needlu shouKl 
always lie on tome pari of the north side of the plate, that is. nearer 
to N than to S and this can always be except when we run due east 
or west per compass. 

Lines shculd be tested by taking back eighU at reverse bearings, 
which will be exactly in the (^poiiUe point of the ctMnpaas, in case 
there is no local attraction to disturb the necdlo. If the Hne just 
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nut orer does not correspond to &b exact opposite point of the com- 
pase, it shows carelessness in running or aonie local attraction of the 
needle. We shall ahow h<rw to overcome diis last difficulty fnr- 
tlteron. 

Compasses are nsnallf marked to half degrees, some of them are 
■ubdivided to one fovrth degrees, but by the aid of a vernier teale 
we can theorelitaUy read the are to am wiiaiU of a degree. 
DIBORlFTIOlt or THX ybbhixb. 

The Tender to a compass is on the outer edge of the graduated 
limb. £it a slip qf metal made tofitthegradtudedUmb of an butru- 
ment, and the equal divi»ions upon it art to made that a dtviaitma on 
the vernier will cover n±l dimtione on the limb. 

The renuer of the compass is on the outside of the dial plate and 
it is firmly attached to the bar that holds the sigbt-vanes. The 
dial plate can be moved to a&d fro along it by means of a screw. 

The vernier is used when the needle points between two divisions 
on the limb : the dial plate is then gently moved by the screw until 
the needle pointe exactly to the preceding division on the limb, this 
being done, that division on the vernier which makes a right-line, 
that is, coincides with a division on the arc is the number of small 
divisions (minutes) to be added to the division on the limb now 
pointed out by the needle. 

Practical and expenenced men, never use the vernier of the compaas, 
because they can read the compass without it to greater accuracy 
than they can really run a line. 

But as the vernier scale is of the greatest importance attached to 
several other instruments, which will be referred to in this work, we 
now mak^ an effort to give the learner a clear comprehension of it. 

Let AB represent 
ponjon of an arc and EJ> \ 
the vernier which is ci 
ceived to be attached to I 
an index bar and made I 
to revolve with it. 

In case on the vernier makes a right Ime with 10° on the aro 
as is represented in the figare, then tfie index maits 10°. But if 
on the vernier is a little beyond 10° we then look along the vernier 
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scale to see what division of it makes a right line with some divisioii 
on the limb, suppose the division 8 on the vernier coincided with a 
division on the limb then the index would mark 10^ 8'. 

To understand the philosophy of this : Let x represent the value 
of a division on the vernier and n the number of them which cover 
(n — 1) divisions on the limb, then 

n 

1=1^ 

n 

-=2 — 2af 
n 

n 

&c. &c. to n, number, from which it appears that one division on 
the vernier beyond a division on the limb corresponds with the nth 
part of the unit of graduation, two divisions of the vernier above 
two divisions on the limb, correspond with 2»th division of th^ unit 
of graduation, &c. 

In our figure n=30, the graduation of the limb is to half degrees 
or 30 minutes, and this vernier measures minutes. Verniers on many 
instruments measure as small as ten seconds of arc and on Kme 
veiy large instruments as low aa/aur seconds* 
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CHAPTEE II. 

Haying shown in tlie preoedmg chapter bow to use a compa ss ■ ■ 
to nin lines, and to measure them ; the next step is to keep a 
proper record of all the lines nm, and compute the areas they enclose. 

A line traced on the gronndi is called a course, the angle that it 
makes, with the meridian pasdng through the point of beginning, is 
called its hemriiu^. 

A course written i\r42° JS, indicates that the line runs between 
the north and the east, and makes an angle of 42^ with the meridian ; 
when between the north and west, we write ilT. Wi, putting the 
number of degrees and minutes between. 

Lines from the south point, are also written S, JE. and S. W. ; 
that is, bearings are reckoned from the north and south points, east 
aad west, as the case may be. . 

Hence, to make a record of a survey, all we have to do is to write 
the hearing and distance of each course, and if the last side runs to 
the point of beginning, it is a complete surrey ; otherwise it is not. 

Of course, no ana can be attached to any un-enclosed space. To 
complete a partial sunrey,-to enclose a space, to find an area, or to 
test the accuracy of a complete sunrey ; the most satbfactory method 
of inyestigation, is that known as 

LATZTUDB AND DlPABTUBl. 

Latitude is the distance of the end of a line north or south of its 
beginning, measured on a meridian, and it is called either northing 
or southing, according as the line runs north or south. Departure 
is the distance of the end of a line east or west of its beginning, 
measured perpendicular to a meridian, and it is called easting or 
westing, according as the line nms east or west. 

For example, suppose that we hare the following bearings and 
distances, which enclose a space represented by ABCD, 



AB 


K 23° S. 


17 


BO 


N. 830 E. 


- 11 


CD 


8. \4PE. 


23 


DA 


jr. 77° w. . 


. 23.66 



Let 2fS represent the meridiaa . 
nmning through ^, the D^ost western I 
point of the field ; make the angle I 
J\LU=S3°, sad ^^=17 ; then 
is the latitude, and ^ b the depart- I 
nre, corresponding to &e couxaa I 
A£. By means of the right angled I 
triangle A£&, having the hypotenuse I 
AB, and the angles, we can com- 
pute Ab, and £b, 15.66, and 6.64, | 
or we can turn to the traverse table, 
and nnder 23° and opposite 17, we I 
shall find the value of these lines at 
once ; and this is the utUiiy t^ having the travers* UMe. 

In the same maimer we find £m and tn C, tlie latitude and depart-- 
nre corresponding to the bearing and distance of the line EC We 
find .ft»=1.34, and fn(7!=10.92. 

Thus we go Knmd the field, taking the latitude tmd departure of 
each side, and arrange the whole in a table as follows : 




JK 23° E- 
BC If. B3°i;- 
OD S. 14° .ff. 
DA JV. T7°W. 



KeL 


N. 


B. 


M. 


ff. 


17 
11 
23 

23,66 


I6,6fi 
1,34 

6.33 


22,32 


,6,64 

10,92 
6,66 


23,06 




22,32 


22,32 


23,12 


23,06 



When the several operations are performed with perfect a^aatat^, 
the sum of the northings will be equ^ to that of the southings, sod 
the sum of the eastings to that of the westings. Tbiii sfcessarily. 
follows from the circumstance of the surveyor's returni^ to Iha 
place from which be set out ; and it affords a means of judging of 
the correctness of the work. But it is not to be expected that ti}» . 
mieasurements and calculations in ordinary surveying will strictly 
bear this teat. If there is only a small difference, as in the above 
ezample, between the northings and southings, or between the east- 
ings and westings, it may be imputed to slight imperfections in the 
measurements. 

Here the northings and southings agree, but the eastings are a 
little greater than the westings; we will therefore decrease the 



MENSURAriON OF LANDS. B9 

eastmgB by half the errors and increase the westings by the sauM 
amount; the sums will then agree. 

We do this without any Ibnnal statement, bnt the operation is 
strictly that of prcqxnrtion ; the greater the line the greater the cor- 
rection to be applied. 

Wh«i the errors are considerable, a re-snrvey should be made, 
and if the ernnrs are still great, and in the same direction* there is 
rea8<m to sospect that some local attraction disturbs the free acticm 
of the needle ; and then, if the importance demands it, a survey 
can be taken tcUhoui the compass, by methods we shall explain 
in some following chapter. 

We shall make use of this example and this figure to illustrate 
the 

TAKIKG OF AROL18 BT THl COMPASS. 

For this, and for several other operations in practical mathematics^ 
the learner must not expect a written rule : original principles are 
tar more simple and reliable. 

We now require the angle ABO; conceive the AB to be pro- 
duced, then the angle between BC and the produced part, is 83^ 
less 23^, or 60^. Now 60^ taken from 180^ gives 120^ for the 
angle ABC. 

Again the line ^(7 makes an angle with the meridian toward the 
north of 83^, therefore toward the south it must be 97^ on the 
east side of it. The line BA makes an angle of 23^ with the meri- 
dian on the west side of it ; therefore, the angle ABO = 97-f-23 
Bs 120, the same as before. 

To find the angle BOD, we add 83° and 14^. Why ? 
To find the angle ODA, we subtract 14° from 77°. Why ? 
o find the angle DAB, we add 23° to 77°^ <feo« 
:*he sum of these 4 angles must equal 4 right angles. 

Suppose now that the surveyor runs the lines AB, BO, OD, and 
ten wishes 

TO OLOSB THB aUBTBT. 

To close a survey is to run the last side so as to strike the first 
oint, when we are not able to see it. 

To accomplish this, we sum up the latitude and departure as far 
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as the point 2>, the result will show 2>e^ and dA. Having then^twe 
sides of the right angled triangle, the. angle dAD will be the bear* 
ing for dAD = nDA, because nD and ^S are paraUel. The Bide 
DA can also be computed, but it should be. measured also, as a te(»t 
to the accuracy of the whole survey. If, on running DA, accord- 
ing to computation, we actually strike the point A, or very near to 
it, and there is little or no difference between actual measure and , 
computation, then we may be sure that all the sides have been run 
correctly; but if on running DA, we do not strike A, or the dis-. 
tance does not correspond to computation, we may be sure of ezxors 
somewhere — either in want of skill or care in the operation, or tiie 
action of the compass has not be^n uniform at all the angular pointy. 
In case of material errors a re-survey should be made. 

In case that we have no means of making computations in the 
field, we may take a course as near the true one as our judgment 
will permit, and run it. This line must bring us near the point of 
beginning, if it does not strike it, and when we get opposite to that 
point we must measure to it at right angles from the line run ; 
then we shall have data to correct our course. Rimning a line thus 
by guess work, is called rimning a random line, from which the true 
line can be found as follows : 

Suppose that when we anive at D, we judge the course to the 
first point to be JV. 15P W., and run that course, and after measuring 
28.65 chains we find that we are passing the first point, which is 83 
links in perpendicular distance toward the south; what course 
should have been taken ? 

By the following investigation we draw out a rule that 
will apply to dU such cases. 

Let AB represent a true course, AD a random line, 
and D£ its amount of deviation. 

Also let DAE equal one degree, and take Ad^l, 
then the deviation at d will be the natural sine of one 
degree, and may be taken from the table of natural sines 
(which is .01746). 

By proportional triangle we have 

1 : ,01745 :: AD :DE; 
Whence Di:==0m746(AD), 

Now DJE is contuned in DB as often as 1^ is contained in the 



HENSURATIOV OF LANDS. 91 

nnnbcz of dtgnee in tbfl angle DAB. Let c Tepneent the nnm-' 
ber of d«gnei in J>AB, then 

1 .0i746{Z5)' 
ThMis; «=(^^l!^Z:?2, becsDse .,t*„=67.3. 

Hence, to correct a conne, we lisve ^le foUowing 

BoUt-r- Mdt^y tit dmiatioR by 57.3, and dmidt that pndmt iy 
the ditUmee, aud the guotierJ wiS be the number of degrtn and parti 
of a dtgret to add to, or nhtraetfrom, the random ixmne. 

CRuB role, apjdied to the presoit example, ffre» 
. 63(57.3) _y, 
8a66 

Hence, the trae cooise ie 75°+2''=77«. 

Had the deviation of the random line bew toward the ■ooQi, we 
should hare Bubtract«d the correction ; bat for thit the <^tBntor 
most rely on his judgment. 

We now come to the 

OOUFUTATtOB OV ABXAI. 

By inspecting the figure we per- 
c^ve that cCDd is a b^^eeoid, 
from which, if we subtract the trian- 
gles ADd, AM, and the trapezoid I 
6£Ce, the area of the field ;4£(?i} | 
will be left. 

OMiKviTtON. — To preBerre uniformity I 
erf' axprseiioi], aod cleaiueai and brevity I 
In foimiDg a rule, we sliall call (rianjiM, 
tn^toidt, while discussing this aabjecL ] 
A trapezoid becomes a triangle, when lt> 
MnaOeU parallel aide la »o imal] as to call 
It lera — eonverwly, then, a trian^ Is a 
Inqwioid, wboae ■raailcat parallel aide la len 

We obaerre that C is the most nortbem prant of flie field, and JO 
is the most southern. In travermng &om CtoD, from the north to 
the south, we pass altmg the obhqne sides of trapeicnds that we 
shall call touth areat, and in traversing {rora D to A, £, snd 0, 
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from the south to the north, we pass along the oblique sides of 
trapezoids, which we shall call north ttrwi. Now it is obyioos thai 
if we mUrad the sum of the north areae from the sum qf the south 
areas, we shaU have a remainder equal to the area qf thsfiM. 

We now require a systematic method of finding these otvot, or 
the area of these several trapezoids. In the first place, we must 
have latitudes and meridian distances. 

Latitude and departure have already been defined and eiphuned. 

MlBIDZAir DZSTAirOXS. 

Meridian distances are the distances of the angular points of the 
field from the meridian which runs through the most westeily point 
of the field ; thus, bB, c(7, dD, are meridian distances. 

Double meridian distances are the bases of triangles, or the sum qf 
theparaUd sides of the trapezoids. 

Thus bB is the double meridian distance of the side AB, or it is 
the double meridian distance of the middle point of the line AB. 
bB-]reC]s the douJble meridian distance of the line BC, or double 
the meridian distance of the middle point of BC, This double 
meridian distance {bB-^-eU) multiplied by bO, or Bm, the latitude 
corresponding to ^C, will give the double area of the trapezoid 
bB, Cc. 

We are now prepared to give the following summary or rule for 
finding the area of any field bounded by any number of right lines : 

RuuB. — 1. Prepare a table headed as in (he example, namdy: 
Bearings, Distance, North, South, JSSast, West, Meridian distance. 
Double meridian distance. North areas. South areas. 

2. Begin at the most western point of (kefidd, and conceive a mm- 
dian to pass through thai point. 

Find, by the traeerse taUe or by trigonometry, the northings, southings, 
eastings, and westings tfthe several sides of ihefidd, and set them in 
the table opposite their respective stations, under their proper letters N*, 
S; S; or W* 

3. For thejirst meridian distance take the departure ff the first Une ; 
for the second, take the first meridian distance and add to it th^ 
departure qf the second line, ^ the departure is east, or subtract if 
west, dc. 
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4. Add each two acfjaceni mmeSan dkUtnees^ and $el thtir iom 
cpposiie the last (^the two in the eohtmn qfdouUe mendian distanees, 

5. Multiply each, double meridian distance hy the latitude to which it 
is opposite, and set the product in the column of N, areas, if the latitude 
is north, and in that of S. areas, if the kUiiude is south. 

6. Subtract the sum of the N, areas from that, of the S, areas, anct 
take half the remainder, which wiU he the area cfthsfidd in square 
chains. Dvmdmg this ly 10 gioes the acres ; and the roods and 
rods are found by multiplying the decimal parts by 4 and by 40. 



AB 


Bearings. 
iV23^£ 


1M& 
17 


N. 
15.65 


s. 


H. 


w. 


1a, D. 
6.63 


D.M.1>. 


Ni areM. 


S.areM 


6.64 




6.63 


103.76 




< 










(6.63) 










• 


BC 


NSdPE 


11 


1.34 




10.92 
(10.90) 




17.53 


24.1$ 


32.37 




CD 


S 140JB 


23 




22.32 


5.56 

(5.55) 




23^08 


4a6l 


• 


906,42 


DA 


Nll^W 


23.66 


5.33 






23.05 

(23.08) 


0.00 


23.06 


133^02 










23.08 




259.15 


906.42 


Diff., 
Half, 


259.15 


M7.27 


323.63 
















Dividing by 10, 


32.363 



Hence the field contains 323 square dbains and 63 himdredths, or 
tiiirtj two acres and a little more than 36 hundredths of an acre. 

The ninnbers in parentheses^ as (6.63), and all others in parenthe- 
ses are the numbers corrected to make the eastings and westings 
agree, — the numbers above them are taken £rom the table. 

Before we gire any more examples, it is proper ta give some 
examples to show the practical uia&tp of the 

TBATEBBX TABLB. 

This table is computed to eyery half degree, but if a course is 
between two courses in the table^ the operator can we his judgioant 
and take out the pr(^)er intermediate numbers. 

Those who are not satisfied with this method; can use the taUo^^ 
of natural sines and cosines^ as. we shall subsequently explain. 

The distances are consecutive to 30, then SB, 40, dite., to 100. 
But a little thought in the operator wiU enable him to use the table 
for a»y distance, wh^tevftr. 
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The foUowing examples win iUuBtnite. 

1. A coarse is JT. 22^ 30" E. distance 62.43 ; what is the corres- 
ponding latitude and departore, as found in the table ? 

We shall regard the distance as 6243 links, and separate it into 
parts. 

Ut Dep. 

Thus: 6000 6643 2296 

240 221.7 91.8 

3 2.77 1.16 

6243 6767.47 2388.96 

If we now return to chains and links, the latitude is 67.67 and the 
departure 23.89. 

We entered 240 in the table, as 24 chains, and took the numbers 
corresponding. 

2. A course is N. 48^ 30' PT., distance 187.61 ; what is the corres- 
ponding latitude and departure ? 

Dii. Lit Dep. 

180.00 119.30 134.80 
7.60 6.036 6.692 
1 066 076 

187.61 124.3426 140.4996 

If we now take the distance as 187 chains and 61 links, the Lat. 
is 124 ch. 34 links, and the Dep. is 140 ch. and 60 links. 

3. A course is 8. 8P IT., distance 76.87 ; what m the corres- 
ponding latitude and departure ? 

IMi. U/L Biq^ 

76.00 1173. 7408. 

1.80 28.2 177.8 
7 1.10 6.91 

76.87 1202.3 7692.71 

If 76 ch. 87 Im., Lat 12 ch. 2 Im., Dep. 76 ch. 93 Hnks. 

Thus we can find the latitude and departure for any distance cor- 
responding to any degree and half degree. 

We can find it to any degree and minute of a degree by the table 
of natural sines and cosines. 

The ccmmon tables conkdmng natural connes and sines are ncthu^ 
mere than latitude and dtpofture corresponding to wnUg ofdisUmoe. 
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Therefore, a double distance will correspond to a doable distance 
in latitude and departnrey a treble distance will give a treble amount 
of latitude and departure* and so on in proportion. Lat. « Nat, 
eosine. Dep. =3 Nat. sine. 

Hence : The natural cosine <^any course taken as a decimai, mui' 
Hplied by any distance^ teSl gwe the laOtitde eorreqHmding to thai 
eoiurse and distance. Also, the natural sine taken as a decimal^ mtdti- 
plied bjf a given distance, teill gi»e the dq>arture corretponding to that 
course and distance. 

N. B. Nat. sines and coones are found in table 11., pages 21-65 
of tables. For common purposes, four places of decimals are suffi- 
cient. 

1. The bearing of a certain line is y. 35^ 18' £. ; distance 12 
chains ; what is the corresponding latitude and departure ? 

Angle 56^ 18' N. cos. .81614 N. sin. .57786 

Dis. (multiplier) 12 12 

Diff. Lat= 9.79368 Dep. 6.93432 

2. A certain line runs 8. 4^ 50' JS. ; distance 74.40 ; what is the 
corresponding latitude and departure ? 

Angle 4<> 50' N. cos. .9964 N. sin. .0842 

Distance 74.4 74.4 

39856 3368 

39856 3368 

69748 5894 



Lat. 74.13216 Dep. 6.26448 

3. A line makes an angle with the meridian of 75^ 41', at a dis* 
tance of 89.75 chains ; what is the latitude and departure ? 

75047' COS. ,2456 sin. .9694 

Distance 89.75 89.75 

Prod. Diff: Lat 22.042 Dep. 87.001 

4. A line bearing I9[ 7° 40' W. ; distance 31.20 chains ; required 
tbe difference of latitude and departure. 

7^40' COS. .98106 sin. .13341 

Multiplier 31.2 31.2 

Diff. Lat. 30.92 Dep. 4.16 
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5. A line numing 8. B0° Iff S. diBtuioc 95.26 chains ; iriiat m 
tbfi difference of latitude «id departure ? 

80" 10' CO*. .17078 ain. .9863 

Multiplier 35.35 36.25 

Diff. Lit. 6.02 Dep. 34.72 

In the last three examples, we hare giren only the results of tbe 

mnltiplioations to two places of decimalB ; that is, to the nearest 

link, Trbich is & degree of accnracj sufficient for all practical 

purposes. 

We are new prepared to estimate the areas of the ft^loving general 
anrreya, given as 



1. In Uaj, 1846. the following measures of a field were taben. 
BegiDuing at the weUem-mogl point of the field ; thence y. 20° 30' 
£. 5 chains 83 lints; thence S. 79° 4^' S. 10 chains 16 links; 
thence S. 27° 30' W. 9 chains 45 hnks ; thence iV'. 63° 16' W. 
8 chains 28 hnks ; thence jV! 16° 30' IF. 1 chain and 4 links, to the 
place of beginning ; required the area. 



It is not absolutely necessary 
to make a plot or figure of the 
field, but for the sake of per- 
spicuity, it is best to do so ; 
yet DO reliance is placed on the 
accuracy of the constructed 
figure. 

We perceive by the figure, 
that there are two south areas, 
bBGc, and eCDd ; and three 
norih amu, eEdD, 4el!, and 



Let the reader obserre that 
all the north areas are on the 
outside of the field. 
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AB 


B-rt^ Dh , ». , & 


I W. ILD. 


»JUK ».»» 




iraP3FE. 5J3 


5.46 


3.04 9.04 


3.04 11.1384 




RC, 


S.790 45' K. 10.15 


i.ai 


9.99 13.03 


14.0'; 


25.466: 


{'.It 


S.270 3ffW. 9.15 


SJ£ 


4.36 T.61 


19.71 


IB5.086( 


ItK 


W.G3015W. SSIS 














1.00 


0.2t QM 


0.3a 03800 






10.19 iai9 


13.03 13.03 


41.0719 


190.5527 



41.0719 

3)1 49.4806 

lOj'J i.TJM 

AnalnaeiMt 7.47S 

The Operator can rely on the 
nile used in the last operation, 
whatever be the number of sides, 
or whaterer be the shape of the 
fignre, prorided that the lines are 
right tines, from one angnlar point 
to another. 

bi case of Tt-enieritig angles, 
like HIA, represented in the ad- 
joining figure, a portion of the 
figure j4/r,isreckoned twice. But 
this is corrected b; the subtractira 
space HIih, which includes not 
only the exterior portion hBIA, 
but also the whole additive trian- 
gle Ali, belonging to the last aide 
of the figure /4- 

In the following example are several such re-entering angles. 

Z. Find the area of a lot of land, of which the following are the 
field notes. 

Beginning at the south west comer, the andent land mark ; tiience 
1. Jr. %T^ 15' E. distance 9.48 chains. 






S.WWE. 


1.16 




S. 69° 00' £. 


12.73 




S. 16°4fi'W. 


6.00 




If. 66° 45- W. 


1.06 




S. Sl'^OO'B'. 


2.90 




If. 70» 46' W. 


8.94 




S. 4l°45'W. 


2.08 




y. 63° 00' IT. 


• 4.18 
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We can contract the operatitm in reference to the space it 1^.31 
occupy, bj putting the difference of latitude in one eolupiii, and all 
the departures in another coloma. 

Marking all the northings bj the sign +, and all (he southings bjr 
the ngn — . Also, all the eastings by the sign +, and all the 
westings hj the sign —. 

This being understood, tbo w«k will appear as follows : 



-l-l!90 



I.^. M.D. 


»,MJ) 


N ,1^ 


i).u«u 


4-4.31 4.31 






4- I.I3 5.44 


175 




1.950(1 


4-11.89 17,33 


'jy77 




104.05S9 


— 1.3615.97 


Xi -M 




160.1730 


_ 0.96 15.01 


:iii,9> 


12.701 E 




- 1.4B 13.5a 


SM-h: 




71.0397 


— 8.4! 5.1C 


IRfi! 


54.742f 




— 1.3f 3.7S 








— 3.72 U.00 


3.7! 


7.(IGB0 
110.5873 




0.«| 




35U.tJ9aE 




3)34l)J0^ 


lU)liU>.lS^ 


wdamullfrK 


tlonoTw. 


13.01536 



S. Barisg th« fi^Ii»vii^ field aotea, it is reqnii«d to find tb« 
dWBig «!« fsd thf ana ci the field. 



1 




_!1^ 


8. 


-^ 


13.24 


S. 7fi° W. 


13.70 


* 


s-scpso-r. 


10.3U 




9,6fi 




3.60 


s 


w. 


ItJ-SKJ 








js.ao 


4 


^.^^SffH. 


35.30 


«S),fil 








6 


K 76° £. 


Iti.OV 


3.ft7 




15.62 




6 


South 


S.UU 




9.00 








' 


33.3fl 


22.19 


35.01 


33.04 




28. 1» 




83.04 










11.1& 




1.97 





This result shows, that if we commeace at the first station, and 
traverse round to the sixth, we shall then be 11.19 chains to the 
north of the place of beginning, and 1 .97 chuns east of It. This b 
aofficient data to compute the coarse and distance. 

To compute the area, however, it is not necessary to find either the 
oonrae or the distance. 

We do blow, however, 1^ merely impacting the tzaverse table. 
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ttftt the coiineftatbej^aoeof b^giimiDgi u maik abiml 10^ 20' iiMi, 
and distance near 12 chains. 

We are now prepared to compute tlie area, and as we wish to 
commence at the western-most pdnt of th4 field, w^ shall begin at 
the 4th station, calling it the first : thus, 



1 

3 

4 
5 
6 



N. 330 30' E. 
N. 760 E. 

South 

8. W. 

s. 750 w. 

& 300 30 W. 



JWi. 

35.30 

16.00 

9.00 



13.70 
10.90 
16.20 



1 



Lati 



+29.51 
4- 3.87 

— 9.00 
:.11.19 

— 3.54 

— 9 65 
0. 



Sep. 



+19.49 

415.52 

0. 

— 1-S7 
—13.24 

— 3.60 
—16.20 



M,D. iD.MJ>, 



35.01 
35.01 
33.04 
19.80 
16.20 



19.49 
54.50 
70.02 
68.05 
42.84 
36.00 



N. 



575.1499 
210J150 



0. 16JM) 



786.0649 



630.1800 
761.4795 
151.6536 
347.4000 



1890.7131 
78B.f>6 49 



This result thows that the field eontaiiui 55 aene, sad 
a little more than 23 hundredths of an acre. 



10)552.3iS41 



55.23241 

4. What is the area of a survey, o^ which the following are the 
field notes 



Stttionf. 
1 


Bearhigi. 
S. 46° SO' A 


80 rods. 


2 


S. 61° 46' W. 


65.16 


3 


West. 


86.00 


4 


if. 66° W. 


110.40 


6 


jr. 33<5 16'J?. 


IBM 


6 


S. 14P 30' E. 


123.80 
Ant. 104.36 acres. 


5. Required the contents and plot of a 
fiaflowing are the field notes. 

StKttOlM BMViBgl. 

1 S. 34° W. 


piece of land, of which the 

DIttHMis. 

3.96 oh. 


2 


S. 


4.60 


3 

4 
6 


N. 26<' jr. 


8.14 
3.72 
6.24 


6 


K 16° tr. 


3.60 


7 


N. 66° W. 


8.20 
Aflis. lOJ. OB. BP. 
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^. Required the contents and plot of 
following field notes. 


a piece of land, from the 


1 


BOTTtngii 

S. 40«> W. 


Distonoet. 

70 rods. 


2 


N. 460 W. 


89 


3 


JSr. 36° K 


126 


4 


iT. 


64 


6 


S. 81*^ K 


186 


6 


S. 8<^ W. 


137 


7 


W. 


130 
An«. 207^. SB. 33P. 


7* Given the following bearings and distances of the several sides 
of a field, namely. 


1. 


K 68° K 


19 ch. 


2. 


E. 6° S. 


20 


3. 


S. IT W. 


20 


4. 


W. 


20 


6. 


N. 42° 36' W. 


16.10 


to find the area. 







Ans. 64.9 acres. 

8. Given the following bearings and distances, namely, 

1. K 46° E. 40 ch. 

2. S. 30° W. 26 

3. id. 6° E. 36 

4. W 29.60 
6. N. 20° ^. 31 

to find the corrected difference of latitude and departure, and the 
area. 

N. B. — ^In this last example, as in most others, the northings and 
southings will not exactly balance ; nor will the eastings and west- 
ings balance. This arises from inaccuracies in the data. In such 
cases ( if the errors are but trifling ) we balance off the errors. 

When a course is east or west, as the 4th in this example, some 
operators have expressed doubts, whether any correction should be 
applied to latitude in that course. 

We reply, that errors do reaUy exist, and, therefore, we cannot 
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•ay that the wnam sulrked west, itt tS^ Sample, yuM fMly west, c»r 
Biot ; the probaBilitj li, that the cdilrse wsE^ not exdttlj due west, 
and it is therefore" proper to ptrt a correS&cfd in the latitude colnnm, 
as shown in the following resultsr : 

OOBBlOTVn ftATITlTBlBa XWB &EPABTUBX8. 



1. 

2. 

1 

4. 

,6. 

I 


K. 


t 


n. 


± 


. 26.30 

0.02 
29.15 


21.63 
35.84 


; 28.30 

3\l6 

10.62 


12.49 
i9*.59 


[ 57.47 


57.47 


4StM 


4SS«vD 



On mspectmg these latitudes and departures, wo pereeive station 
5 is the most westeily point of ^e field, t^efefore to find the area^ 
we will arrange tiies<b ntsults in the following order : 



Dep. I M. dT" 

+10.62f 10.62 



l).M.b. 



Xat. 



29.15 
+28.30 
—21.63 
—36.84 
+00.02 



+28.30 
—12.49 
+ 3.16 
—29.59 



38.92 

26.43 

29.59 

0. 



10.62 
49.54 
65.35 
56.02 
29.59 



n. 



T 



309.5730 
1400.9820 

1403.5205 

2007.7568 

0.5918 1 _^_. 

1*11.1468 r"34l6'.M^ 
fmi468 

2)1699.1:^)5 



10)849,6652 



Ans. areas, 84.966 

9. W&at is tlie area of a survey of wUeh the Mowing ar^ the 
fidd notes. 

From the place of beginning, iT. 31^ 30" W., distance 10 chuns : 
thence y. 62^ 45^ JS., 9.25 chains : thence 8. 36^ K, 7.60 chains : 
thence S. 45^ 30' TT., 10.40 chains; to the place df bejg^uiiag. 

Ans. 8/o^ acres. 

10. Do the following bearings and distances enclose a space ? 
If not, give an additional bearing and distance that will, then deter* 
mJiie the area so enclosed. 



1 



103 





BURVETIKG. 




ittooi. 


B<i>Tlagi, 


IM0IMIOW. 


1 


& 40O sc is: 


31.80 ch. 


2 


iK 64° 00' jb: 


2.08 


3 


K 290 16' ^. 


2.21 


4 


j\r. 28° 46' jb: 


36.36 


5 


J\r. 67<> 00' w. 


21.10 



Ans. These bearings and distances do not enclose a space. A 
£ne run from the further extremity of the 6th to the first station 
will bear south 46^ 43' W.p distance 31.21 chains, and the area thus 
enclosed will contain 92.9 acres. 

11. Do the following bearings and distances enclose a space ? K 
noty determme the additional line that will, and the area of the space 
80 enclosed. 



46.4 rods. 
46.4 
76.8 
66.0 
48i) " 



« 



<« 



« 



1 S. ZB^ 00' W. 

2 N. 630 30' W. 
♦3 K 36° 30' E. 

4 N. 22° 00' E. 

6 8. 76° 30' E. 

Ans. These bearings and distances do not enclose a space. A 
fine ran from the last station to the first would bear S. 13^ 26' W*p 
distance 128.6 rods. Area 64.86 acres nearly. 

The operation for the area is as follows : 

We commence at station 3, for reasons that hare been seyeral 
times explained. Station 6 is the one we supplied. 



Sta. 



3 
4 
6 
♦6 
1 
2 



L»t. 



+ 61.73 
+ 61.92 

— 11.21 
—126.18 

— 4.86 
+ 27.69 



Bep. 



+46.66 
+20.98 
+46.67 
—29.86 
—46.16 
—37.30 



M.D. 



46.66 
66.63 
113.30 
83.46 
37.30 
0. 



D. M. D. 



46.66 
112.28 
179.93 
196.76 
120.76 

37.30 



N. uea. 



2817.974^ 
6829.6776 



1029.1070 



8. 



2017.0163 
24629.1660 
686.6376 



T9676.6690 



27231.8178 
96766 690 

2)17666.1688 



160)8777.6794(64.86. 



* The stations marked with a * are those sappllecL 



r 
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12. Wbat is the axea of a survej of which the following are the 
field notes. 

Statimia. BeMingi. nstaiMM. 

1 JT. 7&^ 00' K 

% K9XP 30' E. 

3 E. 

4 S. 33<^ 30' W. 

5 iS. 76° 00' W. 

6 ilT. 

7 & 84<^ 00' f: 

8 JT. 63<^ 16' if: 

9 JT. 36° 46' J^. 

10 iV. 22<> 30' J^. 

11 A 76<> 46' E, 

12 & 16° 00' JF. 

13 & 16° 46' W. 

In this Surrey 4 is the most easterly and 9 the most westerly 
station. The area is equal to 110^. tB, 2SP, It may vary a 
hide, on the account of the way in which the balancmg is done. 



64.8 rods. 


41.2 


«< 


64.8 


«« 


141.2 


it 


64.0 


t* 


36.0 


4« 


46.4 


«« 


46.4 


<« 


76.8 


«« 


66.0 


« 


48.0 


«< 


43.4 


<« 


40.6 


41 



CHAPTER III. 

ON THE MERIDIAN LINE AND THE VARIA- 

TION OP THE COMPASS. 

Thx meridian is an astronomical line, having no necessary con- 
nection "vnth the magnetic needle. Meridians would be primary 
lines to which we would refer all surveys, if there were no such 
thing as magnetism, or a magnetic needle. 

It is only a coincidence, that the magnetic needle settles near 
the meridian, so near, that for a long time it was considered the 
meridian itself, but accurate observations have shown that the 
needle does not point rigorously north and south, but has a variation 
which is not the same at all times in the same place, therefore a 
line ran by the compass is still unknown in respect to the meridian. 
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uideae we k&ow the Taimtioii of the compaas^ihat ia, the dmHoB&m 
of the needle. 

In the year 16B7 the needle at London pointed due Btnih, nnoe 
that time its viilitioii tias been #est, pretiouB to that time the rari- 
ation was east 

In the Atlantic odean, between Europe and the Unifed States, the 
variation is from 12^ to 18^ w^t. 

The needle seems to point to the region of greatest cold, which 
is in the northern part of America, and not the north pole, and if 
this be true, if the point of mmimum heat changes its JK)sition, there 
will be a corresponding change in the direction of the magnetio 
needle. 

The needle has a small annual and also a diurnal variation, cor- 
responding to the temperature of the different seasons of the year, 
and of the different times of the day, but these variations are too 
small to trouble the common operations of surveying. 

Some of the variations of the compass are regular, others irregu- 
lar ; some amount to many degrees and require a long period of 
time, others are small in amoimt and require but short intervals to 
pass through all their changes. 

The daily variation consists of an oscfflatton eastward and west- 
ward of the mean position, and is different in different places. 
Generally the greatest oscillation eastward is between six and nine 
in the morning, and westward about one in the afternoon, gradually 
returning toward the east until eight P. M. At night it is sta- 

On the subject of magnetism we know nothing, beyond facts 
drawn from observation, but there is no doubt that the earth m a 
great magnet, made so by the action of the sun, and the poles of 
this great magnet are near the poles of the equator. Indeed, all 
observations made correspond to this hypothesis, for changes of the 
weather, clouds, and storms, all have an influence on the needle. 

These facts are suficient to convince any reader that to survey 
correctly we must know the 

VARIATION OF THX COMPASS. 

As the true meridian is an astronomical line, we must find it by 
astronomical observations, and then by comparing the meiidiia <^ 
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llie compass with it, we sliall have tbe yariation of the compass. 

When the smi is on the equator, it rises due east, and sets 
directly in the west. Should we then observe the direction of its 
center, just as it was rising or setting, at the time it had no declina- 
tion, and trace that line a short distance on the ground, we should 
then have a due east and west line. 

If from any point in that line we draw another line at right angles, 
we should then have the true meridian. 

If we now put the compass on this meri(Uan, and make the sight- 
vanes range with it, the needle will also range with it, if there is no 
variation, but if the north pomt of the needle is to the west of the 
sight-vane, the variation is westerly, if to the east, easterly, and the 
number of degrees and parts of a degree that the needle deviates 
from the direction of the sight-vanes shows the amoimt of the 
variation. 

But it is not to be supposed that any particular observer can be 
at the pcnnts and places, where the sun is dther rising or setting 
just at the time the sun is on the equator. We must have a broader 
basis, and in fact by means of the latitude of the observer and the 
declination of the sun, any observer has the means of knowing the 
precise direction m which the sun will rise or set, any day in any 
year. 

Let us suppose that the sun on a certain day, observed from a 
certain place, must have arisen & 81 ^i?., but by the compass it was 
observed to rise S. 79^ JE., the variation of the compass was there^ 
fore 99 west. 

These observations are called taMng an azimuth. Azimuths are 
often taken at sea to determine the variation of the compass. 

On land, however, the horizon is rarely visible, and very few obser- 
vations on sun rise or sun set can be made, besides there are other 
objections arising from atmospherical refraction ; it is therefore best, 
most convenient, and more conducive to accuracy, to take the sun 
when up 10, 15 or 25^ above the horizon, and observe its direction 
per compass, and compare the result to the computed bearing for 
the same moment, and if the two results agree the compass has no 
variation ; if they disagree the amount of such disagreement is the 
amount of the variation of the compass. 
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By means of Bpherical trigonometiy Oie trae bearing of the bob 
can be determined at any time, on the aupposition that tbe obsarer 
Imows his latitude, the declination of the bud, and its altitude ; tliese 
Uiree conditions furmsh a triangle like PZS. 

The altitude subtracted | 
from 90°, ^res ZS, the lati- 
tude from 90°, ^ves ZP, and I 
PS is found by adding or I 
subtracting the son's declina- I 
tion to 90°, according as it is I 
north or south. 

ZS is co-altitude, ZP ia I 
co-latitude, and /*:SiB the Bun's I 
[lolar distance ; the angle PZS I 
is required, and it can be I 
found by tiie following rule. 

1. Add ths thfM tidtt Cf Ilia irimgUtosfeOur mdtaktAiJk^ wtrn. 
from tiie ha^ tmi, mUrad Uf nm't pokar dittimtt, IhMt ^MSt^ d* 




t. Add Ot rin-tomplmetu <^ ihe »-tdtiiudt, tXt sttt'^vngilelntia ^ 
tht to4tififid«, tit tine of Oi Htllf twn, md Ot tina <^ l/u noudmier. 
The ernn <^ theie four logarithma divide ly i, will be the eotint ef 
half the aamuih angUi 

v. B. This rule is the sppUdation of equstioiis on jwige *04 
IlsfetasoB's GeomMry. The rin'M^mpleroent is the Idgari^imio sme 
of an arc, subtracted from 10. 

■ XAXPLKS. 

In latitude 39° 6' SO" north, when the sun's decltnatiiHi was I V 
3' 10" north, the true ^titude of tbe sun's center was observed to 
be 30° lO* 40", nsinff. What was the true bearing of the sun, or its 
atimuth ? 



tat. 39 6^ 



Alt. 30. 10. 40 Deo. 12° 3' 10 
OO-Lat £0 63 40 oo-Alt 59. 49.20 PJ> 77. » SO 
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P. D. 770 66. 60 








co-Lat. 60. 63. 40 


Bill. 


com. 


0.110146 


co-Alt. 69. 49. 80 


Bin. 


emn. 


0.063296 


2)188 39 60 








yS. 94 19 66 


nn. 




9.fi9n68 


77 66 60 








Bern. 16 23 6 


Bin. 




9.460376 




2)19.622675 


49° 38' 30" 


cosine 


9.811287 



Beaiing, 99° 17' &om the north, or 80° 43' from Hit 
aoaUi. 

If Bt the time (£ taking the altitude of the sun, another observfir 
hnd taken its bearing by the compass, and found it^ to be S. 80° 43' 
£, then the compass nould have no Taiiation, and irhatever it dif- 
fered &om that would be the amount of variatiua. 

If a line were run atong the ground, iamA toward the center of 
tbe Bun, at tlie time the altitude was taken, and sufficiently marked, 
that would be a standing line of known directioB ; and if from any 
pcHut in that line, we could draw another line, making an angle with 
it of 99° 17' on the north, or 80° 43' on the south, such a line 
definitely marked, would be a permanent meridian line, for all time 
to come ; on which we cuuld at any time place a compass, and 
obserre its rariation. 

I^t AS be the line toward the son. 
■loiig the ground, AE a line due east, and I 
Mm a true meridian line. The angle SAS | 
must equal 9° 17'. 

To make that angle, take AS, one chain I 
or 100 links ; from S, draw the Gne SS \ 
at right angles to AS, by means of a | 
Bnrreyor's cross.* 

From Intake SE, of such & value as wiH make SAS 9° 17', 
which ia determined by trigonometry ; as follows, 

•BnTveyoi^ en« ii Dothing more thu a pair nt rigkl vanw, nt at tight 
au^M with Moli oUm, ivt th» pnrpgw of mukiMt tight wglM. 
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As 100. : SJS-Bad. : tan. 9° 17' 
Whence /?F^ ^^' (tan. 90 ir) _ 9.213406 

iSiF=r 16.347 links. 1.213406 

That 18, from S measure o£f 16 and a little more than ^ of a link, 
and there is the point £, A line drawn from ^ to ^, is a due east 
and west line. 

If we put the surveyor's cross on this line» at any point as A, and 
range one branch of it along the line AJS, the other branch will 
mark out the line Mm, a true meridian, if everything has been done 
to accuracy. 

In the afternoon, or some other day, another meridian may in 
like manner be drawn near this one, and if they are both true meri- 
dians, they will be parallel. If not parallel, other observations 
should be made tmtil some two or three are obtained, that are 
parallel or very nearly so ; and the mean direction then, may be 
regarded as the true meridian. 

A true meridian will always be a test line for a compass ; and by 
placing any compass upon it, the declination* of the needle can be 
detenuined. 

Agun. In the triangle PZS, if we compute the angle ZPS (as 
is done on page 211 Robinson's Geometry), we shall have the sim's 
distance from the meridian or the apparent time ; then if we have a 
time piece that can be relied upon, for three or four hours, we can 
determine the time within a few seconds, when the sun will be on 
the meridian. A line at that time, run direct toward the center of 
the sun, will define the meridian. 

The objections to these methods are, 

1. The sun is a large body, and its center cannot be exactly 
defined. 

2. The sun changes position so rapidly that, unless we are in an 
observatory, where every thing is prepared and in order, it is diffi- 
cult to get observation upon it 



* Declination of the needle, in common language, is called the variation of the 
compass ; and, as a general thing, we adhere to common langaage. 
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3. The Sim is so bright an object that it caimot be viewed with** 
oat prepared glasses. 

4. The majority of persons that have been, and probably will be 
practical surveyors, have not the instroments to take altitudes of the 
son, and they are not and cannot be at home in astnmomical obser- 
ratims and compntations. 

Some of these objections are deserving of little respect, and others 
can be partially removed. 

For instance, if the sun is too large, and too brilliant to be accur- 
ately and deliberately observed, we can take the planet Yenus, Jupiter, 
or Saturn, and, by proper observations, determine their directions, 
during the twilight of evening, when we can see the planet distinctly, 
and at the same time that other objects are sufficiently distinct to run 
lines.* 

But the method most known and most in favor among practical 
men, is that of taking the directicm of the north star. 

The north star is a star of the second magnitude (Polaris), whose 
right ascension, Jan. 1, 1851, was Ih 5m 18s (at present increas- 
ing at the rate of 17s 71 per annum ), and declination was then 88^ 
30' 55", with an annual increase of 19''8, it is therefore, but 1^ 29' 
h" from the pole, and it is called the pole star or north star because 
it is so near the pole. 

If the star were situated directly at the polar point, a Une toward 
it would be the true meridian line, but being 1^ 29' 5" distant, the 
star apparently makes a circle round the pole m a siderial day, 
making two transits across the meridian, one above and the other 
below the pole, — a direction to it, at these times, would be a true 
meridian line. 

To find these times, sttbtract the riff hi ascension of the sun from the 
right ascension of the star ; increasing the latter by 24h, to render 
the subtraction possible, when necessary. 

* For example, in the year 1853, from the 25th of July to the 5th of August, 
the planet Jupiter will pass the meridian In the evening twilight On the first 
of August, Jupiter will pass the meridian of New York, at 8h 11m 53s, and it 
will pass the meridian of Cincinnati, at 8h 1 1 39s, mean local time ; and, of 
eonne, whoever is able to designate that time within a few seconds, and is .also 
prepared to mark the direction of the planet, will have a true meridian line. 

The moon is not a good object for this purpose; it changes its place too rapidly. 
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Th* dUinreaee will be ike tisM ol te i^pct tnuimt^ and f Ih and 
59 minutes from that time wiU be the time of Ibe lewder tnumii^ 
The ngM aaeenBion of ibe swa is tobe ftwnid m tbe Kmtieaf Alma- 
iiaea» Sor eretj day m tba jear ; and it ia Marly tba maoM^ for tba 
aama daj» in evexy year. 

For example. At what times will the nflvOi alar aiaite ito tnaMim 
o?er the meiidiaft <m the fixai day a£ Jiiiy,» 18ii3i,. 

« J?. il.-f tA • * - . t6 a a 
O A A <^ • • « * « a 41 16 



18 24 44 



This result shows &at the upper transit wB! occur about 0h t4m, 
in the morning of the 2d of July. I say about, because I took the 
sun's right aseenskm for the mormng of July 1, and i^fom that tane 
to 6, next mormng, is 18 hours : and durnsg tftis i&me the right aa^ 
eension of the siaat wiU increase foB 3> minvtesy— ^therefore the 
tqpper transH will take {daoe 6h Sin in> the mornings and the pie- 
vioos lower traasifc Ilk 69m preTBomiy or at 6h tfm, ttfeomg. 

But neither of these transits wi& be vunble, as diey both occur in 
broad day fig^t, from any place where the nor^ star is erer dis- 
tinctly visible. 

In summer, then, when most snrreying is done, the meridian 
transits of the north star are not risible, nor is iitds imp(»tant : for 
the transits are seldom used, by reason of two objectione : 

1. The star changes its direction most rapidly while passhigthe 
meridian. 

2. Observers, generally, have not the means of knowing the time 
to sufficient accuracy.* 

To obviate these objections, observations may be taken on the 
star at its greatest elongations ; for, about those points and for full 

* NoTBw — Yexy few penons consider that their clocks and watches, howeves 
good and valuable, do not give the exact time, but only approximations to the 
tlma. 

For my astroBemical purpose, like tba one under investigation, the charac* 
ter of tike time piece shaald be well tested—- its rata of motioa known. — and 
Ita et«B» sehibilshert b]F asCronosniaal abemfdioiifc 
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15 mmates before and after, tb« star does not visibly change its 
direction ; hence the observer has a sufficient interval to be deliber- 
ate, and he can be sufficiently exact as to time without any extra 
trouble. 

The following tables show the times of the greatest eastern and 
western elongations, which occur in the night season. These tables 
are not perpetual, but they will serve without corredaon for 90 years 
or more to come. 



BASTXBK BLOiraATIOVS. 



HtJM, 


April. 


Kay. JvM. j 


^iJsr. 


Ai««0t 






U« M. 


Ua Jn* HLm oL 


B.» H. 


H. M. 


1 


18 18 


16 26 


14 24 


12 20 


10 16 


820 


7 


17 66 


16 03 


14 00 


11 55 


9 53 


7 58 


13 


17 34 


15 40 


13 35 


11 31 


9 30 


7 36 


W 


17 12 


Ifi 17 


13 10 


1107 


908 


7 15 


«6 


16^ 


14 53 


12 45 


10 43 


846 


6 53 



wrsivamir SLOvoAf lovs. 



Dyi. 


o«t 


Nov:, i 


Dea ^ao. ! Feb. 


MftTrJi.1 


It M. H. M. j 


H. M. 


'ft. tf. 


A. M. 


tt.lt 


1 


18 18 


16 22 


14 19 


12 02 


960] 


8 01 


7 


17 56 


15 59 


13 53 


11 36 


9 26 


7 38 


13 


17 34 


15 35 


13 27 


11 10 


902 


716 


19 


17 12 


15 10 


13 00 


10 44 


839 


654 


« 


1«49 


14 46 


12 34 


10 18 j 


a 16 


633 



It win be observed that these times are astronomical ; the day 
oommencing at noon, and 12h 40 means 40m after midnight, etc. 

JN0W9 admitting that the direction of the star can be observed^ the 
next ttep m to find how much that direction deviates from the meri- 
dian—- aad this is a piobkm in spherical trigonometry* 

A great drde passing through the lemtii of the observer to the 
star, when the star is at one of its greatest dongations wiU touch the 
apparent email drele made by the apparent revolution of the star 
afaoat the pole, and will therefore, with the star's polar distance* fcmn 
a right angle — and we shall have Aright angled spherical triaDglQ» 
o£ whidi the obeerver's co-hititnde is the hypotenuse, the star's polar 
Histflnrfl <t>^ aide. ^"^ the amrle oPDOSite to this w de is the anirlo 
nqnked. 
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XZAMPLa. 

What will be the bearing of the north star obsenred from latitude 
A9P N. in the year I860, when the star's polar distance will be 
JO 26' 12" t Ans. 1° bQ\ 

As cos. Lai 42<' ... - 9.871073 

is to radhis 10.000000 

So is sm. IQ %& 19!' ' > - - 8.399183 

To sin. 1° 66' 8.628110 

In this manner the following table was computed. The mean 
angle only is put down, being computed for the first of July in each 
year. 

▲ ZIMVYH TABXX. 



Admnth. 



1852 1042' 30" 
1864 1^41' 46" 
1866 1° 41' 2" 
1868 1040' 27" 
1860 1039' 43" 
1862 1^38' 60" 



Aiinrafh. 

JO 47' 39" 

1° 46' 49" 

1^46' 11" 
10 45' 24" 
10 44' 29" 



Iiat40P 
Aiimnth. 



1° b& 62" 

1<^66' 2" 
JO 54' 12" 

10 63' 30" 
10 62' 32" 
1^61' 44" 



ImL4XP 

Aiimuth. 



20 6' 32" 

20 4' 30" 

9P 3' 44" 
203' 2" 

202' 4' 

101' 2" 



Aiimufh. 



20 18' 6" 
20 17' g" 

2^16' 9" 
20 16' 12" 
20 14' 16" 
2° 13' 18" 



This table is given for those who may wish to use it, but we 
would recommend each observer to follow the example which pre- 
cedes the table, and compute the azimuth corresponding to his 
latitude and time. 

THS PBAOTIOAL DIFFIOITLTT. 

The north star is not biilliant, it cannot be seen until it is so dark 
that all minute terrestrial objects are totally invisible, it is therefore 
difficult to draw a line and accurately mark it All these night 
operations are, at best, perplexing and inaccurate, yet, by the means 
of lights and artificers, lines can be drawn. 

If the observer have a theodolite and an assistant, there will be no 
difficulty. Let them be at the place from which they wish to take 
the observation in lime, adjust the instrument and direct the telescope 
to the north star. Now sufficient light must be reflected into the 
telescope to enable the observer to see the cross hairs, and this may 
be done by the assistant holdmg a light before a sta£f sheet of white 
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jMper, 80 as to throw the reflected fight from the paper into the 
tekscope. or thk may be done by meaae of a stand to hold both the 
Iq^t and the paper. 

When the vertical spider's line becomes visible, let the star be 
brought directly upon it, and if it is near the time of greatest ebn* 
gation it will appear to remiun so, (or some time. But if the star 
has not reached it greatest elongation, it will move from the line 
more to the east, if the elongation is easterly, and more to the west, 
if westeriy. 

The telescope must be continxially directed to the star, by means 
of the tangent screw of the horiiontal plate, but for some tune the 
spder line and star will coincide without moving the screw, and 
then the star will depart from the line in the contrary cUrection to its 
former motion, hut the telescope must no longer follow the staTf its 
position win now show the direction to the star, when the star had 
its greatest elongation, and thus U should be left untU mommg. 

In the morning, carefully range and mark a line through the 
telescope. 

If we now make an angle with this line equal to tlie azimuth, by 
means of the theodolite, or by means of measuring a triangle as 
expbuned in the former part of this chapter, and mark this new line 
diJittr to the right <»r left, as the case may require, we shall then 
liave a permanent meridian fine for all iuture use. 

By pladng a compass on any well defined and true meridian we 
can determine \\m variation by «mple observation. 

If we have not a theodolite, we can obtain a tolerably accurate 
direction to the north star by means of illuminated plumb lines sus- 
pended in vessels of water, so placed as to range to it. 



CHAPTER IV. 

TO SURVEY WITHOUT A COMPASS. 

Trs inquiry is sometimes made, whether lands could be surveyed 

without a compais ; we reply in the affirmative. The compass is 

coly a conveniencCi and if it had never been diacorered, it is probable 
8 
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thftt surreys would hare been more accurately made. Too much 
reliance has been placed on the acouracy of the compass, and in 
consequence little att«ntion has been paid to defining any astronomi- 
cal lines. 

Were it not for the compass, it is probable, that every coontry- 
tovn, and even every large land holder, would have meridian lines 
weJl defined about his premises. 

Havlbg a meridian line to start upon, we can find angles and 
definfe the position of lines very accurately by means of a 

OIBOUMrXRXNTOR. 

The circnmferentor conusts of a horizontal circular plate divided 
into 360 degrees, over which an index bar, or another circular plate, 
is made to revolve. This index bar carries sight-vanes or a telescope. 
The index bar or the revolving circular plate also carries a vernier 
scale, which will enable the operator to make an angle to one minut« 
of a d^;ree. The whole instrument ie placed on a tripod, and by 
the aid of spirit levels attached to the lower plate, the horisontal 
position is attained with a saffident degree of accnracy. 

The figure before 
us, represents the 
essential parts of a 
circnmferentor. NS 
is considered as the 
primatire or meri- 
dian line, and AB is 
the index bar, which 
turns horizontally on 




Vernier scales & 
fitted into the index I 
bar, and revolve over I 
the graduated arc. I 
At A and .£ are | 
ojpeiuRgs, to receive 
cross hairs or& telescope. 

When a vertical semioirole is made to revolve TerdcaSy throng 
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flie plane AB, and the diameter of that drcle t> teleacope, then we 
luTO all the essentials of a thiodolilt. 

To most tlieodolitea, a magnetio needle is attached, but the mag- 
netic needle is, properly speakmg, no part of l^e matrnment. 

To show the manner of finding the direction between tvo giv«i 
pcdnts, by means of the drcmnferentor, we propose the following 
problem. 

Mr. T. B. J<mn mhn me to run the etui line of hit lot, in the 
town of A, and ffive the fnu bearmg, the wnun being hwvm, Li the 
ptAlie tquan ef the town, abotd one and a qaarter milet diitant, a 
meridiaa line hat been eataUiahed. 

Let itm be the established meridian in i 
tiie public square, and ff^the direction of I 
the line required. 

Place the urcumferentor on the meri- 
dian line Mm, so that JTiS^ of the instra- 
uent wiD coinoide with it, the center of | 
Uie instrmnent being at a m a road. 

The general direction of the road is i 
and the index bar AB is miMie to rerolre orer the plate, which ia 
&raAf fixed, until the index bar or sight vanes pcnnt out the line 
eA. The line is run hj means of ranging objects ; such as fi^ staffs, 
if the line is long ; or if short, by sending on a flag, and stationing 
it at h. 

Now clasp the index bar on the plate, by the clamp screw under 
it (made for the purpose). Leave a fl^ at a ; take the instrument 
to h, and there place it, so that the sight vane:! will range back to it/ 
then the position of NS on the instrument will show a meridian line 
tiirougb that point. 

Here the road bends a little, undamp the index (being careful 
that NS ri^dly retains Ita position), and direct it to the general 
direction of the road he. Mark the point e, by an object as before. 
Mid mark some other point, so as to secure the line (thfi other point 
may or may not be ft). Now clamp the index again, and remove the 
inatrument to e. Place the inBtmment firmly as before, and make 
the index range along the line be ; the line NS of the instrument 
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wiU aiark <mt a meridian line at the point 0» andtLiuiwecuitnaisfBir 
the meridian line Mm to any other point whatever. 

Thus we may go to any point d, in the given line ; no matter, 
theoretically speaking, how many angles we have made during the 
traverse. Placing the instrument at d, with its index to range along 
Uxe last line, the line J^S of the instnunent gives the meridianif W 

Now unclamp the instrument, and direct its index along the 
required line OB^; the position of the mdex, on the graduated plate, 
wiU give the angle from the north, which, by means of the veniier» 
oan be determined with great exactness. 

In Uiis manner we may go to any point, and place a meridian 
there, and then run any required line whatever ; therefore, we can 
survey any field, Curm, or tract of land, without a compass, if we 
have a circumferentor, and a meridian line. 

It would not be safe to transfer meridians, as we have just done, 
over any very great extent of country, for at every angle, small 
errors might be made, and the accumulation of many small errors 
may produce too great inaccuracies to be tolerated or overlooked. 
When using the magnetic needle, no errors accumulate, for every 
setting of the compass is primary, and independent of every other. 

Therefore, in case no compasses were in existence, primary meridi- 
ans, astronomically established, would be necessary in every town ; 
and it would be better to have several of them m the same town. 

From the foregoing illustrations, we perceive that surveying can 
be done, and well done, without a compass, yet the compass is an 
inestimable blessing to mankind ; for it is the only index to direction 
over the wild waste of waters, when the heavens are obscured, and 
no mariner would dare brave the ocean without it. 



CHAPTER V. 

ORIGINAL AND SUBSEQUENT SURVEYS 

DIFFICULTIES AND DUTIES OF 
A SURVEYOR. 

Ih this country, lands were ceded to States, or sold to companies 
in large tracts, without any definite surveys; the boundaries 
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described, were skoimtains, riyers, or a certain number of miles 
along the shores of a lake, and then a certain number of miles back. 

The land companies hired survejors from time to time, to survey 
<^ their lands, into lots of 100, 200, and 600 acres ; and whereyer 
these soryeyors left m<Hiuments for the comer of lots, established the 
comers for all time to come, whether eoirrtcUy placed or not. 

These surveys were very loose and inaccurate ; it could not be 
otherwise, for a company of surveyors would frequently run 15 
miles in a day ; when to run a Une accurately, and measure it, four 
miles is a good day's work. 

But, notwithstanding inaccuracies, these surveys are legal and 
cannot, be changed ; *' thou shalt not move thy neighbor's ancient 
luid mark,'' and it is right it should be so ; for any attempt at cor- 
rection, would create more trouble, confusion, and injustice, than 
it could remedy. 

Lots originally sold for 100 acres in the state of New York, 
generally contain from 101 to 106 acres, in consequence of the orig- 
inal surveyors having directions to have their lota hold out. Where 
the lots thus overrun in one portion of the tract, they fall short on 
another, for the surveyors were probably desirous to show to the 
company, that their grant actually contained as much land as was 
anticipated. 

The author surveyed one of these lots, that originally sold for 100 
acres, and foimd that it contained but a little over 76 acres. 

Some of the compauies had their grants laid off into townships 
6 miles square, or 6 by 8 miles ; then each township i^to four sec- 
tions, each section divided off into lots, and the lots numbered, 
generally beginning at the south-west comer. 

The description of the lots in the deeds given, were very loose 
and indefinite, stating the township, section, and number of the lot, 
contaming 100 acres, **he^ tame move or leae," and in some lots 
it was more, and in other lots it was less. 

As we before remarked, any land mark to the comer of a lot laid 
down by these original surveyors, must remain ; subsequent sur- 
veyors can straighten Hues between point and point, and decide what 
the trae courses are, and how many acres the lot contams. 

When a surveyor is called to survey any &rm or estate that has 
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been pievioodjr tunrefed* lie mnat ftid mmm comer m a plmo 0f 
cmwiawmmg^ and bom Uieoee run » nmdom luie» as ociar tbe tnia 
line A9 bis jiidgmemt pennito ; aiid il be ntriiEes aiiodiMr comer he has 
nm tfae Inie isouise^ if nod; be coiraeU bis eoiuiie, as taii^ ia diap- 
ter U. Tbua, he must go roaod the field from ooroer to eoiser. 
He has a right to e tt a UM comer$ only where no ccMmers are to be 
founds and no evidence can be obtained as to the eodstence and 
locality of a former land mark. 

It may be the case, that a surveyor is called tosnrveya lot wbexe 
no comers are to be found. K a fence or line exists, which baa 
been the undisputed boundary for a long time, that boundary can- 
not be changed, and the surveyor must establish a comer by ranging 
some other line to meet the first. Sometimes comers may be found 
to some neighboring lot, from which lines can be run, to establish a 
comer to the lot we wish to survey. 

Lines of lots in the same town, are generally parallel, and a sur- 
veyor who offers his services to the public, must make Himself 
acquainted with the general directions of the lines of lots, over that 
section of coimtry where his services are reqxiired. 

When a surveyor is called to divide a piece of land, he is then an 
original surveyor, and not liable to be embarrassed by old lines and 
old traditions, he has then only his mathematical problem before 
him. 

Owing to the inaccuracies of original surveys, and &e impossi- 
bility of leaving proper land marks, in consequence of the great 
haste in which lands were originally surveyed ; great confusion has 
followed, In some sections of our country, m respect to fines, and it 
has been no imcommon thing to have whole neighborhoods at yari- 
ance, if not in law, in reference to the houndaries of their lands. 

In cases of this kind, one, and then another of the disaffected, 
have successively employed surv^ors, and surveyors thus employed, 
are apt to act the part of advocates, ralher than arbitrators, and 
survey too much according to die direction of their employer $ but 
all eueh efforts to settle difficulties, but aggravate them more and 
more. 

On the contrary, however, if the surveyor clearly understands his 
duties, and can rise above being a special advocate for any one of 
th« parties eoocented* he can do more than judges or juries to itife>re 
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iantoajr nd pesoe^ To illtutmte tbeae views, and ponibfjr to ^n 
■•■a TdoaUe nutraeti^ to aome i<Mi4«n, w« gm a kistofj of a eaae 
at this Id&d, «Uc& eccmrwl in the year 1S37, in ibe waaij of 
OnUnt^ ia Ae Slate trf N«w ToA. A tnct of farad eotamliag of 
aboBt 670 BASB, of an vngalar shi^, wm divided on ptqier into 
&n equal parta, and nld to fiw diSmnt iaAridMb. 

Tile wbtde 670 acres v« iNnmded iTf fear finer, no two sf tSiem 
were equal, aoA neiQier of the aztgfes was a jigbS angle. The 
la^^ boundary line could not be directly meaanred en accoont of 
an impauable ravine ; iinil tht biMihn ftf thii rtriatnnM trrlhrttVly nnt 
witli hemlocks, tliat it was impouible even to ugkt across. 

In consequence of the irregnlar shape of the whole, and tht 
impoBsibility of directly measuring the piinoipal boundaryr they bad 
never been able io agree on thdr division lines. 

Each one im^^d that his neighbor was inclined to crowd npen 
lum, and although permanent fences were desiraUe, none could be 
made until lines were agreed upoo. They had employed several 
surveyors, but they had not been able to agree on their divinons. 
In this state of things a surv^or was called upon to go atd make 
s division of this land, but Ihe difficuUea of so dcaig were carefiiUy 
concealed from him. 

When he arrived on the ground, ready for operationa, the whole 
net^borhood was present, and by unmistakable signs he soon 
learned that an unusual degree of interest was taken ia the mrvey. 

He also found that the chief difficulty arose from not heiag able 
to measure the line CP. All the corners. A, B, C, and S, were 
aatablished. The surveyor commenced at C to ran a random Tata 
m near CD as possible. After going a few chuns, he came to the 
bank oi the ravine at F, where it was impossible to pass or sight 
across. Driving a stake at F, he took a direction FE along the 
bank of the ravine, narefnlly 
noting the angle, and meas- 
uing the line to ^, a point 
where objects were cleady to 
be seen oa the other side of the 
ravine. The surveyiff then 
sent a man over wiQi a flag, 
g his 8la% first at .£; 
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then at X» carefully noting the direction of each, and bdng carefii] 
to have the angle KHL greater than 30^. He then passed over and 
set the compass at K, took the direction of KL and measured it. 
Having now KL one side, and aU the angles of the triangle HKL^ 
he computed HL, He now set the compass at L and took a definite 
direction Lm ; this definite direction gave him the angle EObny and 
he now had all the angles of the quadrilateral LmFH^ and two of 
its sides. Whence he computed the exact distance to m, ta strike 
the Une C!F produced. 

He measured that distance and drove a stake at m, and ccmiputed 
mF. The company now ran through the random line, driving 
stakes at the end of every third chain, and the random line came 
out within a few feet of the established comer at 7>. The surveyor 
measured the perpendicular distance to 2), and corrected the course 
by the rule in chapter II. He also computed how far each stake 
that had been placed on the random line must be moved to transfer 
it to the true line ; this, the reader will perceive, was done by propor- 
tional triangles. 

At D he set the compass, and carefully noted the course and dis- 
tance to A. He then returned to {7, taking care not to pass al(mg the 
line AB. 

At C he set the compass, and carcfuUy noted the course and 
distance to B. He now computed the course and distance from 
BU>A. The line lay in the open fields, over tolerably smooth ground, 
and it could be directly and accurately measured. 

The surveyor now called all the parties interested, including the 
sour and the belligerent, and told them that the distance from ^ to ^ 
was a certain number of chains and links, and tha^ they would now 
measure it, and if they found it to correspond without any material 
error, they must then be convinced that he had obtained the true 
length of CD, and that he could then divide the land into five equal 
parts, as required. 

To this test they all cheerfully assented ; the line was measured 
and corresponded to the computation within three links ; all parties 
were satisfied, and thus ended a neighborhood quarrel of six years* 
standing. 

Previous surveyors commenced at the pdnt D and run DA^ A£f 
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and BO^ and tlien computed CD. This was more direct, simple, and 
{NToper, than the method just described, but it left no test behind 
it, and it is vain to expect that the mass of men will receive theoreti- 
cal computation as actual measurement. 

Here, and in most other cases that involye contention, the surveyor 
must not only convince himself that the survey is correctly made, 
but he must, if possible, show others that his conclusions are not 
only right, but cannot be wrong ; hence judicious surveyors must 
often measure lines, where there is no mathematical necessity for so 
doing. 

The next duty of this surveyor was to divide the land into Bve 
equal parts. Each one had previously purchased his part, and he 
knew its locality, but not his exact boundary line on the division. 

As CD was not parallel to AB, and AD not exactly parallel to 
CB, to divide this mathematically/ exact was a problem of considerable 
difficulty, and this wiU be explained in the next chapter ; but practi- 
cally we need not apply all mathematical rigor, the surveyor can 
divide this more strictly conformable to justice without, than with 
the mathematical rigor. 

The persons who had the two most eastern lots, had the worthless 
part of the land in the ravine, and of course if any one had an excess 
of area it should be those. 

To find where or nearly where the divisions come, divide the line 
AB into five parts and suppose & one of those parts. Now ^6^ is 
not quite long enough, because the field is a little narrower at this 
end than at the other ; the surveyor took a distance BO & few links 
greater than one fifth of AB, and from that point run a Hne in a 
medium direction between BC and AD, and then computed its area, 
the result would show whether the area was too great or too small, 
and if it were within a very small fraction of the area required, the 
line is left as the true one, otherwise it is moved as the case requires. 
In the same manner the other division lines were run. 

UNITED states' LANDS. 

Soon after the organization of the present government, several of 
the States ceded to the United States large tracts of unoccupied 
land, and these, with other lands, since acquired by treaty and pur^ 
chase, constitute what is called the public lands. 
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Previous to 1802, there was no general plan for snrreying the 
public lands, or in faet, no surveys were made, and when grants 
were made the titles often conflicted with each other, and in some 
cases different grants covered the same premises. 

In the year 1802, Colonel I. Mansfield, then Surveyor General 
of the north-western territory, adopted the following method : 

Through the middle, or about the middle of the tract to be sur- 
veyed, a meridian ia to be run, called the principal meridian. At 
right angles to this, and near the middle of it, an east and west line 
is to be run, and called the principal paraUd, 

Other meridians are to be run, six miles distant from the prin- 
cipal meridian, both east and west. 

Also, parallels of latitude are to be run, six miles from the prin- 
cipal paraBel, both north and south. 

When this was done ( and it has been on all the public lands 
east of the Mississippi river ), the whole country is divided into 
squares, six miles on a side, called iaimships. 

Each township contains 36 square miles. Each square mile is 
called a section, and it contains 640 acres. Sections are divided into 
half sections, quarter sections, and eighths. But these divisions are 
only made on paper. 

When a person makes a purchase of a half or quarter sectioif^ it 
is supposed that he will find it himself, or employ a surveyor to 
mark it out. 

Townships which lie along a meridian, are called o ran^, and 
numbered to distinguish them from each other. 

Sections are regularly numbered in every township, and to design 
nate any particular one, we say, section 13, in township number 4 
north, in range 3 east. 

This shows that the third range of townships east of the prinei- 
pal meridian, in township No. 4 north of the principal paraUel, 
b the township, and the thirteenth section of this township is the one 
sought. 

Not more than ten townships north or south of a principal par- 
allel shotdd be drawn, before a new principal parallel should be 
dengnated, and new measures made between meridians : because 
meridians tend toward the pole, and the north lines of townahqis 
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vfll be tli«oraticaI]y shorter than south ibtea, if the meridians are 
nm by the compass. 

WliMe &» pnUie lands extend to rirers and lakes, there wOl be 
frariimial townabips aiimg the shores. 

Where 'Ute looali^ of a particiilar nnmber ia fijund to be oconpied 
t7 a lake or pond, Ae sale is void. 



CHAPTER VI. 

UETHODS OF SURTEYINO IRREGULAR 
PlGtTRBS AND OP DIVIDING LANDS. 

Fabms and traets of lands, wholly or 4 
partially boonded by water, as represented I 
in the figure before as, are surveyed and I 
there anae deteraiined by drawing right [ 
fines widilit the traet as ueeir the real I 
Iwnndariei as ^MMble, and from these right | 
linea, it tqnal itiiervaU, measuring the 
•lb ts tke nat bonndaiy. These off-seta I 
form the parallel sides of trapezoids, and 
as they are all equally distant &om each 
other, the compaLation of the areas they I 
ecenpy will be very easy. A. summary 
rule for finding the united area of all these trapeztuda that are 
bounded by one line, is to he found in Prob. VIII, Mensuration. 
The area of the right Imed figure ABCDEFQ, ia found as directed 
in Chapter IV, to which odd the area of all the trapezoids, and we 
shall hare the area of the whole. 

We have now iurestigated every possible case of computjng areas, 
and we are now prepared to divide them. Commencing with the 
most simple case of the most simple figure, the triangle, or rather 
tbe figure th^ has the least number of sides. 
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PBOBLEM I. 
To divide a Iria^ffle inio two parts, ktmng a ffiven ratio ^ m ft> «, 
Cabs 1. By a line drawn from one angle 
to ita oppodte nde. 

Let ABC represent the triangle ; divide 
its base into two parts, iMaresponding to tlie 
^vea ratio, and let AJ) be one of tlie parts; 
then we shall have the foBoning proportion. 

AJ) : AB : : m : m+n - 
Whence. AD=-r^(AB) and BD=^^(AB) 

Now the two parts are numerieally known, and are to each other as 
m to n. Triangles, having the the same altitodes, are to one 
another as their bases. Therefore, ADO : CDS : : m : n as re- 
quired. 

Casx 2. By a line parallel to one of its 
^dea. 

Let DE divide the triangle as required, 
and as similar triangles are to one another 
as the squares of their homologous sides, 
therefore : 

(ABY : (AD)' : : m+n : m 

Whence, AD=A£/\/ -^ 

Which shows that if we have the nmnerical value of AB, and of 
n and m, we can find that of AB, and ^m B draw BE parallel 
to BC, and the triangle is divided as required. 

Casx 3. By a line parallel to a (pven line, or by a line rumiing in 
a ^ven direction. 

To make this case clear, we commence by giving a definite ex- 
ample : 

T^ere is a trianfftdar piece of land, from one of the anffular poitUa, 
A, one line mm J!f. 26° W., distance lichaiw; another from the same 
ptmt nmt N, 42° E., dietance 15 chains. B is re^ua^ to dviify tUt 





(1) 
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trim^U into heoparU m the ratio tto3,ijfa line rwamg dm ttut 
aatdwett. 

Ijbt ABC be (be given triaiij^ ud ffO 
Hm required dirinan line. It ig required lo 
find tbe nmnerical rahie oi A(7 or AB", to 
nuke ihe area ABC ] of the area ABC. 

Let b represeot the nde of the triangle 
opposite B, sod e the ride opposite C. 

Let A (7=x. AaAO- and, CB have defi- 
nite directions, the ao^ AG'S! is given, 
also .-IS-C' is given. AO'ff=W.ABC' 
=65° BAC^en". 

In the triao^e AffO' we have 

nn. 6S° : X : : rin. 48° : ..Ifi' 
^ , „ sm. 48» 

Whence ^=5^-555' 

Now, by Prob. m, Mens., uea ABO=\bc sin. ^. 

Alsd, " " " area AB g'=i( ^|"' gg° )«^ sm. .4 

By As MidilioM of onr problem, we have the following pro- 

<sin, 48" \ 
jj-5je,j..™.-(::5:8 

^' ''•'Z.Z-^--"^ (2) 

We may here stop, and make the problem general. 

If BOit given in direction, the angles B and C will be given. 

We now require the diviaion of the triangle ABC into two parts, 
in the ratio of m to » by a line opposite to the angle A, running in 
s given direction. 

Represent the aides of the ^ven tiiangle adjacent the angle A 
by b and e, b extending from Ato C, and c extending from A to B, 

Put x^ the distance fi'om A to the division line, on the side CA. 

Tb/ta, by the preceding prt^tortion ve have. 
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be I -■ — s^' : : m+n 
Bin. £^ T^ 

WbenM, 



(_m \j/ieBin^\i 



Obsetre that « is opposite the angle S", the sine of which stands 
n the nnmentor of the sec<md fraction. Had x represented AB", 
in C would have been the numerator. 

Drawing out the result for (2), we find Uiat 

6 mn 48° . 



/ 72 sin 6fiO _ 
*^'^ sin 48° 



Or, ^V 'A^f^=9.446 c. 



Cum 4. By a line that shall pass through a g^ven point within 
the triangle. 

A point in a triangle cannot be given, unless the perpendicular 
distances fr<Hn that point to the sides are given, and if these per- 
pendicular distances are ^ven, then we can readity Snd the three 
distances from the angular points of the triangle, and the angles 
which these lines moke with the sides 
of the triangle are Imown. Por mstance, 
if the point P, in the triangle ABC, is 
known, PJi and PT are laiown, and 
aU the angles of the quadrilateral 
JTPB are known. These are snfB- 
cient data to compute the line AP, and 
Oke angles BAP tuid TAP. 

RiHiKE. — We may now require b triangle to be cat off, bj a line rnimiiig 
tbroagh P, wUoh ihall conlaiii aoj deGntle portion of the triangle ABC, nal 
innolmBg on ingtouibilili/. 

For InBtance, if llie point P is neiir the center of the triangln, 11 wautd not 
do to reqnlre ni to cat off n tenth part of the triangle, or any imiiller portion, 
(br it woald l>e Inponible to doao. When it i* reqnired to cut offa ver; sniall 
porUon of tlie whole triangle, Uie point P most be near one of the eidoa, or 
near one of tlie aagolar polata. SomeUmes the required quantity can be uul 
off from one angular point, Bomelimea from another, aud somutiaies Troin all 

Let tw BOW reqnim one-third of the triangle eat off, bf a line paadngthrvngh 
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P, taking thaugnJu point .4, and letfP be that line. WtanlaMtrmlmtat 

VtbiBtfAP. 

In the triangle ^£f7, the angles^, £, and C, are known, and the 
sides opposite to tliem, a, b and e, are also known. AP is known, and 
oall it A. Fat the angle SAP=p, FAF=q. Then, A^p+q. 
Pat AF=x, AE=y. 
By Prob. III. Hens. area ASC=ifie dn. A 
JUbo " " area AEF^^ dn. A 

By the condidons of tbe problem, 

\xy sin. A^^ sin. A 

Whence, Sxi/=bc (1) 

The triangle .^JP.£c4HisiBts of two parts, AFP.APS; &iet%ion, 

^ix sin. q-\-^ky sin. p=^ sin. .J 

Or a: ib. j+y sin. ;>=^_!i"l:r (2) 

If we had required the nth part of the triangle ABO, in place of 
the 3rd part, equation (1) would have been nxy^be. 

Making this snppoution, to make the problem more general, we 
have ty= - and y= —. By the fud of these last two equations. 



X sin. j+- 



sin. p_be ein. A 



Or, 



Whence, ^=^rin-^^/^f^'"°; 



__Je mn. ^4 6e Bin, p 

nA sm. ; nsin. y (3) 

i»sin.'9 nsin. 9/ 

In case n is large, that is the part to be cut off srrudl, tbe rahie 
of X may be imaginary, corresponding to the preceding remaric. 

Cass B. When the giren point is on one side of the triangle. 

The two parts must be equal, or one 
of them will be less than half of the | 
whole. 

We always compute the less part. Let I 
P be the pwnt in the line AS, PQ and I 
P.R perpendiculars to the other sides, are I 
known; ^f7and AQ are both known. [ 
Vcfw, through the given p<»nt P, ii u\ 
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nqvired (o ita.w PD, ao that the tiungle SPJ>, bUU be Hie nth 
pui of ASC. ThtA u 



Whence, Bl)=i^.^ 

nPQ 

Cabz. 6. When the giren p<Hiit is witiioat ttie trungle. 

Let JBChe the g^ren triangle, and P any given ]x»nt vi&ont 
it. It is required to run a line from P, to cut o£F a given portion of 
the triangle A£0, or (which b the same thing) to divide the tri- 
angle into tTo parts having the rado of m to n. Let PG be the 
Kne required. 

As P is a g^ven point, AP is a line i 
given in distance and poeititm ; tfaereftne, I 
the angle PAMia known. 

Solvtion. — Put the angle PAH=u, I 
CAB=v; then PAO=^{u-\-v). Also I 

put AO=x, AS=y, AP=a, and the \ 

area of the triangle AM&=me, me being a known quantity. 

ITow, (by Prob. HI. Mens.) ^ sin. v=me (I ) 

Aleo " " 4^>« sin. (u4-i')=area.iii'ff 

And " " ^ sin. u=area PAH 

^ax tan. (u-Hr) — ^ay nn. u=Me (2) 





(•+«') ffln.»8in.(«r4-») 
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BZAMFLX8. 

1. In the triangle ABC, the side AB^^S45 ehame, ACssi7.6l 
ehiiins, and £0=12,575 ehains. 

The given poirU P from the angle Ay ie distant 10 chains, at an 
angle of AO^from the line A (7. 

H IS required to draw a line from this given point P, through the 
triangle, so as to divide it into two equal parts. 

Whereabouts on AB unll PG intersect^ 

The angle ^-4(7=31® 17' 19"=v. PAH=40^=u. Therefore 
FAO=71o ir 10"=(tt+v.) 

The area of the triangle ABO is 107.52 square chams. The 
part to be cut off bj the triangle AMG is therefore =53.76=m. 

We must use the natural sines, or the logarithmic sines if we omit 
Ihem in the index. 

mc log.- - - 1.730464 

a sm.(tt-|-v) log. . - - - 0.976406 

*^ 6.676 log. 0.764068 



a sin. (tt+v) 



2 



=32.22 log. 1.608116 



«• sin.*(«+t;) 

2mc log. - - - 2.031494 

sin.tt log. - - — 1.808067 

2mc8m. tt .... 1.839661 

sin. V 8in.(«+v) - - — 1.691866 

Zmcsm,u ^ j405| j 2.147696 
sm. V sm. (u+v) 

The part of the formula under the radical is therefore (32.22+ 
110.61) or 172.73. 



Whence iP=6.676zbV172773=18.819, or —7.467. 

RmiARK;— The minus sig^ means opposite in direction, and if we pro- 
duce AC and AO (see last figure,) to the left of A, a line drawn from P 
through a point which is (7.467) to the left of il, will form a triangle below 
the line AG, which will be equal to AHO. 
9 
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2. Wt have a right angled triangle tohtue bate ie 47.87 ehaitu, and 
ftrpendieidar £4.46 cAouu. From a given point mthout it, tee an 
rtjutrwrf to ran M« wnfer <^ a Uraiglit road, to leave on* tixth o/ the 
triangle on one tide and five tixtht on the other. 

From the aetOe angle at the base, the dittance to the given point it 
SO ehaine, and the line to ii matex an angle vath the hypUemtie qf30°, 

Rbube.— If P )■ a glTBD point. Its dliUiiM 
and directioD from one of tbe anjcular polnli 
miut be glTeii ; and If the dlstanca aad diractlon 
^m one of the ui^lar polnli ■■ (iTea. the itta- 
taucM uid dlrecdoiw froin b11 of them ure Tirtaall j 
Bireo i thnt, If we ba*e AF, AC, and the BD|le 
PAC, we have CP, and the aogle ACP, and we 
inaj tbaorln os th« trlanctai PCH, CUB' u wrii 
eeaaAPHviAAHO. 



Hm ares of th« triable .^Lfi (7= 1304^4 sqnsre oHaint. 

One third c^thu is me= 217.48d. 

BA0=v=A9'' 12' 20". PAa=u=zo°. (t( + e)=79'' 12' 2 
jIP=«=20. AH=y, Ae=x. 

m> log. -■ - - - 2.887488 

a=20 log. IJJOIOSOl i2932«8 

ma. (t<+i.) log. -1.992288 f 1.293288 




!.(«+«)■ 



=11.07 log. 1.044164 



2me log - - - - 3.638468 

■in-tt —1.698970 

ime sin. u .... 2.387458 

mn. tf dn (tt+tr) - . - -1.871889 

■ ^""■"°;" , =161.78 log. 2.208797 

sin. o flin. (u+vj * 

"Whenoe, a!=11.07±t'284.28=27.98 or —6.82. 
Here AQ=2'1M. Having AP, Aff, and the angle PA0, m 
can compute tbe aoj^ APCf. 
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PROBLEM II. 

To dimU u triatify mto thbu pabtb havituf the ratio vf ihe ihff 
mtmitn m, n, p. 

C^n I. By KoH ^^wn &can one angle of the triangle to the 
(fpoaiteude. 

Let ADE be the triangle and .<1 the 
angle from which the lines are to be 

Divide PE the opposite side into I 
parte in (he ratio of m, n, and p, and I 
from the points of division C and B, I 
draw A C, AB, and the triangle ia divi- ' 
ded as required. 

Dermmttratitm. — The areas of triangles a e aa their boaMmnitiplied 
into thdr attitaden, bat here all the triangles hare the tame i^ti^ide ; 
tiierefbre mnltipljing the bases into that altitude gives the aam« 
proportional product, and the areas of the triangles are as m, n, p. 

Cask %. ^ lines parallel to one of the sides. 

"IjA ASO\m the triangle, pivide its I 
mnieriiMl area into three parts in the ratio 
of w, %,p. ConceiTB the problem solred 
and HF, £Q, the division lines parallel 
to AB. We are to delei'vUne the muaerical \ 
valuet tf CD, and GE. CB is known, 
put it equal to a. Put CD=x. CE=y. 

Nom aa amilar triangles are to one I 
another as tilie squares of their homologous sides, therefore 
x' '. a^ : : m : m+ti-\-p. 




Wlience, x=a/^ 



M+B-l-;; 



e same manner. 



In this maimer we might divide the triangle into any proposed 
number of parts, having given ratios. 

Cass 3. By lines drawn from a f^ven p(»nt on one of the sides <^ 
flw trisLDgle. 




Put AD=x, then 
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Let ji£(7be IbegiTen trifuigle, and P 
the giien point on the side AB. 

It is required to draw lines from P, as 
PD and PE, dividing the Iriwigle into 
three parts me, nc,pc, that is, assume the 
^ren numerical area to be (tnc+nc+pcj, 
then the required parts will be mc, tie, xoApc: 
(by Prob. lU, Hens.) 

i<urwn. ^=fn<Tora!=_^ 



By comparison, ^= .jf-PL^ 

When me and pe are cut off, nc ia left. Having a and x, the angle 
ADP is easily determined. 

In a similar manner we can divide the triangle into any proposed 
number of parte, by lines drawn from the given point P. 
Case 4. By lines drawn from a given pomt within the triangle. 

Let ABC be the given tjiangle, and P 
the given point within it 

A yariety of lines may be drawn from 
P, \o divide the triangle into the parts . 
required. Conceive PD, PF, and PE 
to make the requisite diviaon. 

As i' is a given point, AP, PB, and PC axe known lines, and 
the angles DAP, PAE are known angles. 

Take AD=h, any convemctd attumed wdut. Take AB^x. 
Put AP=a. Then, 

)gab sin DAP=a.KA A DAP 

Also, \ax sin PAE=: area A PAE 

■ Suppose we bad k trluignlar piece of groniid contBlnlag 3S0 iqiiare roda, 
and we widied to divide It into Dues pub In the raUo of S, 3, and S, what !• 
the lies of each of the paiti 1 

We decide it Ihua : 01=^. n^. ;t=5. c la at preaent unknown, bn^ 
»H4-Be4-pc=320 

That bh 10e=320 or (=32. 

Whence, nu:=64. r(=96. )i«=160. 

The qnantitf e becomes known on dividing the ■rw, and the parte sapaTBEely 
nu, oe, and pc, are d,ieaii* inami. 
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Cqnodre Hie Mangle 4^0, divided into three parts, in &e nttao 
t4 m,M,p; ud.oonoeive A.DPB to be one of these parta repre- 
aented bj we. Then 

oi sin. DAP-\-ax dn. PAE=%m 
Kin>»— od nn. DAP 



*= asin.i'.Aff 

Had ire taken ^ greater than ve did, XTOuld hare been less, and 
.» Tariety of lines could be drawn as well fu PB and PE, and the 
same area cut off. 

Having x, we hare EB aa a known qnanti^, and by the two 
triangles, PEB and BPF, tto determine y in precisely the manner 
as we fonnd z : thus, we hare two parts of the bnangle me and pa, 
•nd, consequently, tiie remainder DPFC corresponds to ne. 

Ctaa B. By lines drawn from a giren point witlwnt the triaaglet 

Let ABC be the triangle, and 
P the given point without it. 

Pliride the nomerioial aiea of 
dlbe iMwgle into the three re- 
buked p^> •»<:> >K> ^ P'.i u 
itt fwmer caaea. Draw PD, 
cutting off the portion mc, as 
in Case 6 of the last problem; 
then cut off the two portions ( mc+ne) by the line PQ: and the 
portion pe will be left. Or, we may cut off pe, and the portion nc 
win be left. 

PROBLEM III. 

To ^vide atriangltiido thrte partt, hariag the ratio of m, n,aKd 
p, by Ihree linei drawn from the three angular pwnOa to aoau paiM 
wifAin. 

Divide any side, ae AC, into tiiree 
parts m the proportion of m, n, 
KoAp. 

Let Aa represent the portion cor- 
responding to m, and Oc the part eor- 
responcting to p. 

Through a, draw ah parallel to AB, 





134 SURVEYING. 

and through e, draw cd parallel to CB, Where these two lines in- 
tersect is P, and the triangle ABC is dinded into three triangles, 
APB, OFB,mdAPO. 

Demonstration, — Any triangle having AB for its base, and its 
vertex in the line ah, will have the same ratio to the triangle ABC, 
as Aa has to AC^ that is, as iti to m-^n^p. 

Also, the triangle CPB is to ABC, as (?c is to CA^ that is, as |» to 
m'\'n'\-p, for triangles on the same base are to one another as their 
altitudes. If these two triangles, APB and CPB, are in due pro- 
portion, the third one, AP C7, is in due proportion, of course. 

PROBLEM IV. 

To dwitU a quadrilateral into two partSp having anjf given ratio 
mton. 

Cask 1. 67 a line drawn from a given point in the perimeter. 

Let ABCD be the given quadri- 
lateral, and P the given point in the 
side AB, 

It is required to determine the 
magnitude, and the direction of the line PO^ which divides, the 
figure into parts in the ratio of m to n. All the sides and angles 
of the quadrilateral are known, and its area is known. AB and 
DC are, or are not parallel ; if they are parallel the figure is a tra- 
pezoid, then the method of finding O, in the opposite side, is 
easy and obvious. If AB and CD are not parallel, we can pro- 
duce them and form a triangle in the one direction or the other : by 
this figure we form the triangle BCE, whose area we may repre- 
sent by U 

As BC, and the angles as B and (7 are all known, the triangle 
EBC is determined in all respects. 

As PB is known, PE is known, and designate EO by z. Let 
em and en dedgnate the portions of the quadrilateral after it is di- 
vided, and let cm represent the part BPGC. 

Put PE^a. 

Now ( by Problem III, Mensuration ), we have 

\ax sin. E^st+em. 




Whence, 
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We now have the numeiioal ralue of x, from Thich we subtract 
SC, uid we hare 00, which being measured from C will give the 
pant Q, lihroDgh which to draw tbe line inm F, to divide the 
figure as required. 

Cass 2. By a line making a given angle with one of the ridee. 

If the dirision line makes a given angle with one side, it muBt 
also make a known angle with tbe c^posite side. 

Taking the last figure, conceiving P& to take a ^ven direction 
VBTOBi AB and CD, so as to cut off the area mc. 

As iu tbe former case, let t represent the area of the triangle EB 0, 
to this add tnc, and we have tbe area of tbe triangle PQE. But in 
ttis case P is not a given point, and EP is not known. 

Put EQ=x, Let P represent the ^ven angle at P, and G the 
giren angle at 6. Now, by tngonometry, 

ssa. P : X : : «si. G : SP 
_ain. Q 



Or, ^P=^ 



(Prob. m. Mens.) ""■ ■°'^-^'=f+«e 



Whence, *= ^ {aiJ^iwc^ 



sin. tf ffin. JF 

From z we take EQ, measure off tbe remainder along CD, to tbe 
point G, there making the given angle, and the figure will be liU- 
Tided Bs required. 

Cass 3. By a line drawn through a given pdnt within the quad- 
rilateral. 

Let ABQB be tbe quadrilate- 
ral as before, and P the ^ven 
pinnt wtfAm it ; and as P is tbe 

given pcsnt, EP is a known line, 

and the an^es PEB, PEG an known. 

Let t equal the area of the triangle EBO, as before, and me the 
•rea 0HCB. Put £ff=x, and EG=y. 
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Not we hare a problem prtcU^ IUm Case 4, Problem I, of this 
<diapt«r ; therefore, further ezplanaiioDs would be snperfluooa. 

Cask 4. By a Ime drawn tbrongh a gives point wiOtont fiie 
qoadrilateTal. 

Let AB CD be the quad- 
lilateral aa before, and P the | 
^ven point viihout it. 

By prodncing the two I 
aides AB CD, we form the " 
tnangle ABE. Let the area of Hie triang^ BCS be represented 
hj I, and the pul; GECB by me, then from a ^ven point P, with- 
out a triangle, we ate reqnked to draw a Une PB, to divide the 
liiangle into two given parts, and this ia Oase 6, of Pfdidau I of this 
chapter, which has been fully mvestigated. 

Ruiu. ~ By extending the princlplea of flleSB levsnl cUM We osy dl»id» 
a t^Kdrllataral lata three sr more pute. 

PROBLEM V. 

To divide any ptHygon {reffular or trr^ndarj into two partt having 
a given ratio, mlon,ln/ a line drawn through a given pwnt. 

Case 1 . When the given point ia on one of the sides of the polygon. 

Let ABQDEF be lie polygon, and a 
(mc-l-nr) express its numerical area. LetP I 
be the g^ven point on the side AB. Let the I 
Burveyor run a random line as near to the I 
Ime required as his judgment pernnts, and I 
generally it will be best to run a Hns from I 
P to one of the opposite angular points. 

Li this figure, let PE represent snch a rand<rai line, and let the 
surveyor compute the area of the figure PAFE, thus cut off, which 
area will be eoptei tof or grttOtri or Uae than one of the required 
parts. We will Bupp(»e it Ut» ; fben aubtract it from the required 
porlSon me, and kt ttie triangle PEO represent that Jbiouni difermd, 
wU^ we shall dea^nate by t. 

PS Is known, the angle PEG ia known ; and put EQ^a 
Then, j^PE x sin. PSff=t 

Whence, x= — 

PEmn. PEO 
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This detenaines Uie point G, and PO divides the polygon as 
required. 

Case 2. When tlie ^ven point is wiQiin the polygon. 

Let ABCDEFh^ the polygon as before, and (me-^nc) express 
its nnmerical area ; also, let P be tlte given pcunt witliin. Throngh 
P let the BmreycHr ran the remdom 
line, RPK, measuring from /Tto Pt 
and from P to ^ let him also I 
observe the angles that thia line I 
makes with the sides of the polygon I 
^^and CD, and compute the area I 
HABCK, and note the difen 
between it and me, the required I 
portion of the polygon ; call this I 
difference d, a kno'wn quantity. 

Let hPk represent the tme line through P, which divides the 
polygon as required ; but this line diminUhes the area HABCK, by 
the triangle PKk, and increases it by the triangle PUh, 

Tkereftyre At diferenee of tkete trianffUt mwi equal d. 

The Bine of the angle ABP, has the same nnmerical value as the 
Bine of P3k, and the sine of the angle P£I> has the same numeri- 
uil value as the sine of the angle PXk. 

Put the angle AHP=u, and the angle PKD=v; let the acute 
rertiole ftngles at P be designated by the letter P. 

Let BP=a, PK=h, kP=x, Pk=y 

In the triangle PhH, we have 

sin. H : X : : un. (tt — P) : a 




Whence, 



0) 

m 



The area of the triangle PhB^^^ax sin, P 

Also, PkJBr=^ Mu. P 

Whence, b sin. Py~^ sin. Px=9d (3) 

By substituting the values of x and y, taken from (1} and (2), 
we have, 



1 
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in. Pb; 



«=2rf 



(4) 



sin. (i*-P) sin. (u—P) 

Equation (4) contains only one unknown qnanti<y P, the value of 
~ r the angle BPh cdn therefore be deduced. 

sin, P an. t "\ » / ^' ^ ^- •* \ 

cos. P— COS. V ^. f / Vain. « cos. P—coa. « sin. /*/ 






Dividing th6 nnmetator attd denominator of the 6rst fraction hj 
(sin. P sin, p), and of tbe second froclion by (sin. P sin. «.), recol- 
- lecting Aat cotme divided by sine gives cotangent. Thus we shall 

**«^" 6*C— j^ wr 5 ^=^ (s) 

Vcot. P— cot. v/ \cot. P— cot. jt/ ' 

Thia last equation shoWa tlie surveyor that if he can make it conven- 
ient to run his random line from P, perpendicular to one of the sidcSi 
his equation will be less complex. For instance, if AI/P=90°, ita 
cotangent will be 0, and cot. ti would then =0, and equation (5) 
would become. 

(6) 



cot. P — cot. V col. P 
For the sake of convenience put cot. P=z, and cot. v=e. 
Then 



Or, 



'-+C^'->"S 



The numerical value of z will be the numerical valAe of cot. P; its 
logarithm taken, and 10 added to the index will be logarithmic col^ 
in our table. The same remarks will apply to cot. ti or e. 

Case 3. When the given point is without the 
polygon. 

Let ABODE be the polygon, and P the 
given point without it. 

From the last case we learn that the surveyor 
had better run his random Mne perpendicular 
to one of the sides, therefore let Pff0 be tlie 
random line, perpendicular to AB. , 
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As be(bt«, cotnpnte the ana, ASffH, fenbtnct h from me, the dif- 
Unaae is the difierenoe between the triuiglea P0t and PSK. 
DiBw PSJi the Sns that divides the polygon as required. 

Pot PR^n, P(h=h, ^^3=1*, PL'-^y, angle ^=900, angle PQS 
^nt, and the angle at P, designated hj P. 

Hm triaoi^fl Pee^^m aia. P 
PGL=ilf Mn. P 
Wbnwe, 1 ab. Py—a an. P x^^. (1) 

Ban (2) npOtMdtt * thaUiar qnantitf as in the last case. 
U tiM tfiaigh />ia^ m haft 

1 I* t looa. J•(^,Or«=_?_ 



U J^ffA alL « : y : i ik. (i^i") : h. 



(*) 



*~iiB.(«— />) I 

WhuthflTalaesofxandy are anbelitated iii.(l) we have 
. nn. i* sin. u vsa. P 

^' ^.(u-p) -^';^p=^ 

sin. i* 



\ sin. P 



;. i*— cotB cot. i»~ 






m 



Tbia equation ia exactly nmilar to equation (6) of the last case, 
a^ ft is l^ttoad bl the same manner. 



PROBLEM VI. 

fb JMil iptljgf&n JHfe tkrte or more part*, kavi 
«» •> J»> *. *ir '•*«» pftt^ tkrouffh a given point. 
tUi jptobWn ftlttiu of ^iree c^s. 

Ojutt 1. V^A the given point is 
on one side of the polygon. • 

Divide the numerical area of the 
irfaole into parts, mle, ne, pe, qc, cot' 
responding to the given ratio. Unite 
these into tm partt (me+tw) and 
(pc+gc). 



•ittff a given ratio, 
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From the given jxrint P, draw PG, by Case 1, Problem V, 
so aa to divide the polygon into the two parts (me-^nc) and (^•^^). 

We have now to divide the polygon PAEQ into two parts, 'mc, 
ne, by Hie line PL, and the polygon PBCDG into two parta.jie 
and qe, by the line PS. 

Cask 2. When the given point ia within the polygon. 

Let ABC DM be the given poly- , 
gon and P the given point within. 

Draw hk through P, by Case 2, 
Problem V, bo that the area AhitDB 
shall equal mc, and the area hkCB 
shall equal (nc-j-^), when the whole 
is required to be divided into (Arw 
^H» in the ratio of m, «, p, I 

When the whole ia to be divided into /our jk(t<«, in the ratio of m, 
n, p, q, then draw hk, so that one portion shall be {me-Ywi) and 
the other ( ^+5c). 

Then we have P as a given pmnt, in one side of &e polygon, 
AhkBE, to divide it into two parts, in the ratio m to r, and P a given 
point on One side of the pdygon, hkCB, to divide it into two parts, 
in the ratio of ^ to j, and this is done by Case I, Problem V. 

Casi 3. When the given point is without the polygon. 

I^ ABGDEF be the given poly- 
gon, and P the given point wltbontit. 

Divide the numeral area into the 
required proportional parts, me, ne, pe, 
Ac, as many as required. 

From the point P drawthe line PB, 
as direc'«d in Case 3, Problem V, di- 
viding the polygon into two parts, tnc 
and {ne-^-pe-^&f^.). 

Then divide the polygon, GHED OB, into too parts, one of which 
is ne, and the other {pc+qe, Ac), and thus we can proceed and 
cut off one portion after another, as many as may be required. 

The application of the foregoing principles will meet any aue that 
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cm omit in tiie ditisi<m ciUniiMi and wi» mm ck«ft» flat subject 

with the following practical 

BitAMPLXS. 

1. A irianffttlar Jldd, whose sides care 20, 18, and 16 ehains, is to 
have a piece of 4 acres in content fenced cff from it, hy a right linet 
drawn from the most obtuse angle to the opposite side, Mequired the 
length of the dividing Une, and Ui distance from eiiker eattremi^f oftkt 
line on which UfaRs t 

Ans. Length of the dividing line, 13 chains, 89 finks, if run 
ni^^^t th^ dde 16. Sistattce it strikes the base from the next m&ei 
obtuse angle is 6.86 chains. 

It. The three sides of a ttidtngie are 6, 12, emd 13. ^ tmhihitds 
cf this triangle be cut <^ hg a Hne dra»n patidlld to As longest side, it 
is required to find the length of the dividing line, and the distmee ^ 
its two extremities from the extremities of the longest dde^ 

Ans. Distance froin the* eiEtrettiiity on 5^ is B(s/§-^^tji); cm the 
side of 12, it is 12( ^3^72) ; both divided by Jb. 

The division line is 13^}. 

S, Bis required to find the length and position of the shortest possOte 
line, which shall divide, into two equal parts, a triangle whose sides are 
i6, 24, emd 7 respectively, 

RDUix.*-It in obyioilB itiat the dlvlsloii line must ctit the sides $5 and tti, 
atid to ilMke if the sboftest liAe floiiftley iStkO triaftf;le cat off nrasC bo IsooooIbo. 

Ans. The divimon fiile makes an angle with the sides 26 and 24 
of 81^ 52' 11"^ and its kngA is 4.899« 

4. the rides of a triangle are 6, 8, and 10. It ie reqtdred to eut 
of ntne-sixteenths ofU, by a line that shall pass through ^ center ef 
its inscribed drde, 

Ans. The division line cuts the side of 10, at the distance of 7.5 
from the most acute at^le, and on the side of t, at the distance 6 
from the most acute angle. 

5. Two sides of a triangle, which include cm angle of 70^, are 14 
emd 17 respeetiveiy. B ie fe^/ttifed to dMde U into three eguel parts, 
by lines drawn parallel toitslongest side. 
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Ana. The first division line on the side 17, cuts that side at the 

distance-r=^; the second division line — ^. The side 14 is cut at 
73 73 

iland IV^ 
73 J3 

6. Three eidee of a trianffle are 1751, 1257.5, and 2364.5. I%e 
mosi acuie angle is 31^ 17' 19". This triangle is to be divided into 
three eguai parts by lines drawn from the angtdar points to some point 
VfUhin, Required the lengths of these lines. 

Ans. The line from the most acute angle is 1322.42, and from the 
next most acute angle 1119 

7. The legs of a right-angled triangle are 28 and 45. Required the 
lengths of Unes drawn from the middle of ike ht/potentise, to divide ii 
into four equal parts, 

Ans. A line drawn frt)m the middle of the hypotenuse to the 
right angle, divides the triangle into two equal parts. 

8. In the last example, suppose the given point on the hypctenuse at 
the distance of 13 from the most acute angle, whereabouts on the other 
sides will the division lines fall to divide the triangle into three equal 
parts f 

N. B. The sine of an acute angle to any right-angled triangle is 
equal to the side opposite that angle divided by the hypotenuse. 

Ans. Both division lines fall on the side 28, distance of the first 
from the acute angle \St\\, of the second 24|} 

9. There is a farm containing 64 acres, commencing at its south 
westerly comer, the first course is North IBP E,, distance 12 chains ; 
the second is N. 80^ E. {distance lost), the third S, {distance lost), 
the fourth is JV. 82^ W. {distance lost), to M« place of beginning. It 
is required to determine the distances lost. 

OMmvATioir.— Extend the northern and southern boundary westward, and 
thus form a triangle on the west side of 12. 

Ans. The 2nd side is 35.816 ch. 3rd, 23.21 ch. 4th, 38.76 ch. 

The two following problems are from Gumhsbb's Surveying, and 
are considered very difficult. 
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f. Thtrtitapitcecflandiotmdtd at/oUowi: 
Beguming at tibe souUi-weat comer ; thence, 

1. jr. 14° 00' W., Bistance 16.20 chaiiis=a: 

2. JP: 70*" 30* ^., " 20.43 •• =ft ; 
S. S. 6*00' iR, " 22.79 " =«; 
4. Jf. 86° 30' W., " 18.00 " =rf. 

Wiiiin this lot there it a tprwiff ; th» eouru to it from the »eetmd 
comer te S. 75" £., dtttoMee 7.90 ehidru. S ti regwed to aU often 
aereefrom the west tide of thu lot, by a Ime mtminff Ihrot^h the eprinff. 
Where wOl thii Utie meet the fourth tide, that it, how far from the 
Jirttoonterf Ana. 4.6367 ohitms. 

First moke a plot of tbe field. It ia as here represented. 

Produce the sidee h and d, the second 
and fonrtih, imtil they meet at 8. Let S I 
be the podtiou of the spring, and join SG. 
We may or may not find the cpntents of 
the field* : it is not necessary for the 
location of the line LSS. 

It is necessary to find the area of the triangle ABQ. Conceire 
a meridian line run through B \ then ire perceive that the angle 
ABQ=\4°-\-1(P 30'=84<' 30'. Conceive also a meridian line to 
be run through A, and then we perceive that the angle BA Q^iiA" 
30'— U^ssTS" 30' ; whence A QB=i3'>. With the angles and Hie 
ride .<1£=16.20, ve readily find j!l<?=3B.72, ^0=37.10, and the 
■rea AGB^iB0.&5 square chains. 

It is necessary to find the line GS and the angle BGS. fVom 
the given direction of the lines BC and BS, ve find the angle 
eBS=l45° 3(y ; and then from the triangle GBS, we find 
B&S=:B° 61' 30", and GS=43.8S. Also we have the angle 
iS6'J=I7°8'30'. 

To the area of the tnangle .d6i£=280.66, add 10 seres, or 100 
acinare chuns: then the Uea of the triangle ffZ^ must equal 380.65 

• When wa bars fmr tide* only, and all the anflea, u in this field, the beat 
method orfindiDg thecontenta !■ bj conceiving it to ha two triang^ei. Thna la 
tbia oaae the aiaa la repreaantad b^ 

1 ab itn. ABCj-l de iln. CDA. 
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square chains ; but ffjt and 0ffBxe both unknown. Put ^Lf^y, 
QH^s^x : then we shall have the equation. 

ay ain. 230=^2(380.66). ( 1 ) 

It is obvious that the sum of the two .triangles LQS, 8GH is 
equal to the triangle Ql^ff, 

But (y5«i«=»43.83, Bin. 23P=P, din. (17« 8' 30")= ft mu 
(5^ 61' 30")ssJ2, and 2(380.66) or 761.3»a : (hen we have 

Poy^o. (I) 

and Smy-h (inw^a, , ( 2 ) 

From ( 1), y*"^- '^^ v^l^^ P^* « <*)' g*v« 

?^+©irM*=aj (3) 

_ _ 'JO 

^e Qowifind the numerios^ values of — ~ and .==7: by logarithms, 

as follows : 

As our radius is unity, we diminish the iiidices of the logarithmic 
ones by 10. 

log. a, 2.881666 log. a, .2.881566 

log. m, 1.641771 log. 22,-1.008880 

log. ©,—1 .469437 



1.890436 



1.111208 1.111208 



68.932 1.770348 log. P,— 1.691878 

log. ft— 1-469437 



^1.061316 —1.061316 



674.72 ^.829121 

Equation (4) now becomes 

a.«_68.932a;=— 674.7 ; 
whence ««» 6^^=43.366 : from which subtract 6^il =38.72, and 
we have AH the distance required =4.646, which differs from the 
given answer about om link of the chain. 
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Lemma. Ihid the paint in arn^ Urapezaid, through which any 
tiraighi Une which meets the paraUd eidee unU divide the trapezoid into 
two equal parts. 

Let ABO J) be the trapezoid. 

Bisect the parallel sides A£ and CD in 
Hie points n and m. Join mn, and Mseet 
inn in 0, and is the point required. 

Any line meeting the parallel sides, and passing through 0, will 
divide the trapezoid into two equal trapezoids. It is obvious that 
the line mn divides the figure into two equal parts, because the sum 
of the parallel sides is the same in each. Now draw any olher line 
throu^ 0, »k pOq : the trapezoid pgBD=mnBD ; because the 
triangle Omp^q On, and one triangle is cut off and the oUier is put 
im at the same time. The triangles are equal, because m 0=s On, 
€txe angle pm 0= Onq, and the opposite angles at O are equal : 
flierefore pm^=nq ; and whatever more than Om is taken on one 
Mde, the equal quantity qn less than An is taken on the other side. 

Another method of finding the point 0, is to bisect AC in B, and 
draw BO parallel to AB or CD, and equal to one-fourth the sum 
df Ji?and CD. 

2. There is a piece of land bounded as follows : 

Beginning at the westernmost point of the field ; thence, 

1. iT. 36«> 16' H., 23.00 chains ; 

2. JV. 76° 30' ^., 30.60 " 

3. S. 3° 16' K, 46.49 « 

4. i\r. 66^ 16' W., 49.64 " 

£ is required to divide this Jield into four equal parts, by two lines, 
one runmng parallel to the third side, the other cuUing the first a^ 
third sides. Find the distance of the parallel line from the first comer 
measured on the fourth side, and the hearing of the other line, 

Ans. Distance to the parallel, 32.60 chuns ; Bearing of the other 
side, S. 88© 22' K 
10 
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CHAPTER VTI. 

TRIANGULAR B U R T fi Y I N G : THE PLANE 

TABLE— ITS DESCRIPTION AND USES; 

HAPPING: MARINE SURVEYING. 

Ti»AitQ,uLAB SnBvmiro, u her« tmderstood, requires the actoal 
measurement of only one line, and all other lines can be deduced 
from this bj means of observed angles funning triangles, of which 
this measured line forme a base of the first triangle in the series or 
tbain of triangles. 

Some of the other lines however should be measured after bting 
eomputed, as a test to the accuracy or inaconrac; of the operations. 

Let A£ represent a base lime . 
which must be very accurately 
measured, for any en<a on A£ will 
cause a proporticma] error in every 
other line. 

If at ^ we measure the angles 
BA 0, SAB, and at £ we measure 
or oitenie the angles ABC, ABD, 
we then have sufficient data to deter- ' 
mine the p«»uts C and D, and the line CI>. 

Witb equal facility that we determine the point C, we oan deter- 
mine the point £, or F, or G, or any other vitibU point. 

Thus we may detennine all the tides and angles of the figure 
OEFGHD, or any vitiUe part of it, by triangulating from the 
base AS. 

The lines forming the triangles are not drawn, except those to the 
points C and D ; we omitted to draw others to avoid confusion. 

After any line, as FO, has been computed, it is well to measure it, 
and if the measurement corresponds with computation, or neiirly so, 
we may have full confidence of the accuracy of the work as far as it 
has been carried. 

We may take CD as the base, and determine any viable number 
of points, aa A,B, B, F, 0, &c., trace any figure and determine ita 
area, or show the relative positjons and diatancea of objects frtun 
«Bch other, such as btuldings, nunraments, trees, &c. 
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But to make the computation, triangle after triangle, for the sake 
of making a map, would be very tedious, and to measure every side 
and angle woidd be as tediotis, and to facilitate this kind of operation 
we may have an instrument called the 

PLANS TABLE. 

The plane table is exactly what the name indicates ; it is a plane 
board table, about two feet long, and twenty inches wide, resting on 
a tripod, to which it is firmly screwed, yet capable of an easy motion 
onite center, having a ball and socket like a compass staff. 

Directly under the table is a brass plate, in which fowr tnUled 
screws are worked, for the purpose of adjusting the table, the 
screws pressing against the table. 

To level the table, a small detached spirit level may be used. 
The level being placed on the table over two of the screws, the 
■crews are turned contrary ways, until the level is horizontal ; after 
which it is placed over the other two screws, and made hohsontal in 
the same manner. 

The table has a clamp screw, to hold it firmly during observa- 
tions, and also a tangent screw, to turn it mmuteiy and gently, after 
the manner of the theodohte. 

The upper side of the table is bordered by four brass plates^ 
about an inch wide, and the center of the table is marked by a pin. 

About this center, and tangent to the comers of the table, eonceitfs 
a circle to be described. Suppose the circumference of this circle to 
be divided into degrees and parts of a degree, and radii to be drawn 
through the center, and each point of division. 

The pointe in which these radii intersect the outer edge of the 
brass border, are marked by lines on the brass plates ; these lines 
of course show degrees and parte of degrees ; they are marked from 
right to left, from to 180^ on both sides^ but on some tables the 
numbers run all the way rotmd, from to 360^. 

Near the two ends of the table are two grooves, into which are 
fitted brass plates, which are drawn down into their places by screws 
coming up from the under side. The object of these grooves and 
corresponding plates* is to hold down paper firmly and closely to 
tha table. 
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The paper before being pnt on, should be nuMstened to expand it, 
then oare^y drawn over the table, and fastened dovD b j the plates 
tlutt fit into the grooves ; on drying, it will &t closely to the table. 

A delicate fine edged ruler ia used with the plane table, it has 
Tertical sights ; the hurs of the sights are in the same Tertical plane 
as tlie edge of the ruler. 

A compass is sometinefl attached to the table, to show Uie bear- 
ings of the lines ; but the most praotJcal mathematicians prefer each 
instnunent by itself. 

The plane table may be used to advantage for three distinct 
objects. 

1. For the measurement of boriiontal angles. 

S. For the determmalion of the shorter lines of a surrey, both as 
to extent and position. 

9. For the purpose t4 mapping down ktoalitiea, harbon, water- 
«onrses, &e. 

I. To meatura a horigonlal tmffie. 

Place the center of the table over the angular pcant, by nie^ns 
f)f a plumb. Level the table, then place the fine e^ge of the ruler 
ag^nst the small pia at the center ; direct the sights to one ohject, 
and note the degree on the brass plate ; then torn the mler to the 
other object, and note the degree as before. 

Tfu d^ervMt <^ lAt d^rtet thua noted, w fht ofiffh toughi. 

If the ruler passed over 0, in turning from one object to the oQier, 
snhtract the larger angle from 180°, and to the remainder add the. 
smaller angle, for the angle soughL 

S. To ddtrmnt lintt in taieiU and poatien. 
Let OD be a base line; having ^ 
tiie paper aa the table, all dried and I 
ready for use. Place the table over I 
C, so that the point on the table, 
where we wish Ota be represented, 
shall fall directly over C ; and place 
the position of the table so that C3) I 
shall take the desired c 
the table. 
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Now level the instrument, and clamp it fast ; it is then ready for 
ase^ 

Sight to the other end of the base line, and mark it along the fine 
edge of the ruler. 

Li the same manner sight along the direction of CE, and mark 
that direction in a fine lead line, that can be easily rubbed out, the 
point E is 9omewhen in that line. 

Sght in the direction of F^ and mark the line on the paper ; F is 
somewhere in that line. In this manner sight to as many objects as 
desired, as Q, H, B, A, <fec. 

Now the base on the paper, may be as long, or as short as we 
please ; suppose the real base on the ground to be 1200 feet ; this 
may be represented on the table by 3, 4, 5, 10, or 12 inches, more 
or less ; suppose we represent it by 6 inches, then one inch on the 
paper, will correspond with 200 feet on the ground (horwmiaUff)* 

Take 03 six inches, and place a pin at D, remoTe the instrument 
to the other end of the base, and place D of the table right over 
the end of the base, by the aid of a plumb, and give the table such 
a position as will cause CD on the table, to correspond with the 
direction of the base. 

Level the table and clamp it. Now, if CD on the table, does 
not exactly correspond with the direction of the base on the ground, 
make it correspond by means of the tangent screw. 

Now from D, by means of the ruler and its sight vanes, draw 
lines on the paper, in the direction of the points E, F, O, JS,B, A, &c,; 
and where these lines intersect those from the other end of the base, 
to the same points, is the real localities of those points, in proportion 
to the base Une. Lines drawn from point to point, where these lines 
intersect, as EF, FG, QH, <fec., will determine the distances fr^m 
point to point, at the rate of 200 feet to the inch. 

Lines drawn from the center of the table, pM*allel to J^^and FG^ 
will determine the angle EFG, in case the angle is required. After 
the points E, F, G, <fec., have been determined, the light pencil lines 
to them, from the ends of the base, may be rubbed out, except those 
that we may wish to retain. 

Bere we perceive the utUUy of the plane table ; toe have a muUHude 
if reeults, as eoon as the observations are tnade. 



w 
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Tbe p]aae tabic will give tu at oikce, the teluiive diatsiiecB of 
buildings from tlie base, and from each odicr, and if we are carefn)' 
md particnlar, we can obUun the magoitudea ot the bnildmgs, aa ia 
obrioiu bv tlie a^tdning Sgure. 




Tbm i^ most nsefnl to tm officer or a spy, who wiahea as exact 
Imowledge of an enemy'e locality as posdble. Or from a distant 
place AB, ve may examine and measure tmy objects whaterer. on 
the other side of a river, oi- gire a correct deliueation of the liver 
ileelf. 

The plane table cui be made very tiseAiI to civil engineen, fen* 
mapping the locahties throngh which a canal or railroad passes. 
Take, for example, a railroad Ime, ABODE, represented in the 
next figure. The lines being all measured and marked in distancea 
of 100 or ZOO feet, 1^ bases are all ready where tlte li^ ia 
etr»ght. 

Set the table as at A, and draw Ikes to all objects that yon wish 
to appear on the map, both to Uie right and to the left, — then move 
the instrument to B, drawing lines to the same object /mm a cotm- 
ponding bat* on the paper, and also draw lines to other objects far- 
ther b advance on the line that may be seen frvm another base. 

The intersections of the lines from the extrenilies of any base to 
to tlie same object will locate the object. 

When all the objects are thus located, both to the right and ^ to 
the left, we pass on to new objects, taking care to keep at least two 
of the old objects in sight, to connect one new observation with those 
previously taken. We now commence a series of observatjons from 
a new base, which base must take its proper relative position oa Uie 
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paper, and if the paper on the tahle is not large enough, it must be 
taken off and new paper put on, and two of the objects on the old 
paper must appear on the new, and then these two papers can be 
put together so that the objects which are on both papers will coin- 
cide, and then the two papers will be the same as one, and thus 
we may put any number of papers together and form as lar^e a map 
as we please. 

If the different bases are not in the same direction, the objects 
which are on two different papers on being put together will show 
it, and several papers put together may make a very inconvenient 
figure ; but they must be put together and then a square sheet of 
tissue paper put over the whole, and the map taken off. From the 
tissue paper the map can be put on any other paper. 

The engineers of Napoleon's army frequently made maps of the 
localities they were about to .pass ; indeed it is a mihtary principle 
never to go into an unknown locality, except in cases of absolute 
necessity. 

This subject naturally leads us to 

XABINS BUBVBTING. 

Marine Surveying is too esctensive a subject to be fuUy investi- 
gated m any work like this. We shall only explain how to find 
shoals, rocks, and turning points in a channel, by ranging to objects 
on shore. 

In trigonometrical surveying, on shore, the observer is supposed 
to take his angles from the extremities of a base line, but in trigono- 
metrical surveying on water, the observer can take his angles only 
from single points which may be connected together by distant base 
lines on the shore. 

Important points along the shore are determined by taking lati- 
tude and longitude, and intermediate places, by regular land sur* 
veying. 

The locahties of rocks and shoals are also determined by astron- 
omical observations, establishing latitude and longitude, in case no 
land is in sight, or they are far from the shore ; but m the vicinity 
of the land, the determination of a point is conmionly effected by tlie 
three point prMem, 
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The three point problem ia the determmatjon of any pomt from 
observations taken at that point, on three other distant points where 
the distances of these three pomts from each other are known. 

It is immaterial bow those pointa are situated, provided the three 
points and the observer are not in the same right Une, the middle 
one may be nearest or most remote from the observer, or two of 
them may be in one right Mae with the observer, or all three may be 
in one right hne, provided the observer be not in that line. The 
following example will illustrate the principle. 

Coming from sea, at the point D, 1 observed two headlands, A 
and £, and inland Q, a steeple, which appeared between the head- 
I^kA^- I found, from a map, diat the headlands were 6.3S miles from 
ej«G)i other ; that the distance from ^ to the steeple was 2.8 miles, 
t^ bxm £ to (he steeple 3.47 miles ; and I fotmd with a sextant, 
t^ fhe angle ADC -was li° 15', and the angle BDO 15° 30'. 
Required my disttutpe from eao^ of tho headlands, and from the 
steeple. 

V the direction of AS, Ja. known, the direction of AO'm equally 
weSkm>wn. 

The case in which the three ol^cta. A, C, 
and ^ are in one right ^ne may require ilhiS' 
tration. 

At the point A, make the angle BAE^ the 
observed angle ODB, and at B, make the angle 
ABE= the observed angle ABO. 

Describe a circle about the triangle ABE, 
join E and C, and produce that line to the chcumference in D, 
which is the point of observation. Join AD, BD, The angle 
ADB is the sum of the observed angles, and AES added to it 
must make \W. 

The Triffoaometrical Analt/iit. — In the triangle ABE, we have 
the side AB and all the angles, AE and EB can therefore be com- 
puted. 

In the triangle ^^(7, we now have ^<?,^£, and the angle CAE, 
from which we can compute A CE, then we know A CD. 

Now in the triangle A CD, we have A and all the angles, whence 
we can find AD and CD. 
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Wben the bearing of the base line on shore is Imonn, ai it gen- 
erally is, and the bearings to its eztremiUes, or even to one extrem- 
ity, are taken, the triangle is known at oace. 

A pilot guides a ressel in and out of a port by ranging lines on 
the shore, miuntely or approximately, as the case may require. 

We will illustrate this by a figure. Let the deep shaded lines 
represent the shores, A a light house on a roclcy promontory. B 
aaotlier prominent object on the opposite shore ; the position of the 
arrow indicates the direction north and south. 

The faint dotted lines represent the boundaries of shoal water, 
over which it would not be prudent, if ejea poflsible, to conduct 
a vessel. The line a, b, 
d, E, the center of the 
ship channel. All the pi- 
lots know that a line from 
.^ to a, which is nearly 
east south east, runs safe 
to the open sea, after 
pasung the ihoal eoatt 
near ». 

Now suppose a pilot 
boards a ship coming in irom sea, enffidently Ux from the coast, he 
directs her sailing so aa to bring the Ught house at ^ to bear west 
north-west He then stuls toward the light house until be finds the 
object B bearing due north of him. He then knows that the ship 
must be near a, the month of the channel. 

He continues the same course, and knows when he is about half 
way from a to S by the two objects, and D, appearing in the same 
line. When (7 and D become fairly open, and C nearly north, 
and B not qnit« north-east, he is then at tlie turning point b of the 
ohannel. His course is then north, a little to the west, until the 
ilup is nearly in a Ime between the two objects A and B. From 
thence, west north-west takes the ship directly through the proper 
il into the harbor. 
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CHAPTER VIII. 

LEVELING. 

Two or more pnnts are utid to be on s level, when they are 
equally distant from the center of the earth, or when they are equally 
distant from a tranquil fluid, situated immediately below them. A 
level surface on the earth, ia nearly spherical, and it ttUaplane; 
it ia evtrywhenprnrpetkiundarlQapltmit'litie. 

Any small porticm of a true level surface, cannot be distinguished 
trom a plane ; and, therefore, when observations are taken in respect 
to lerel, within short distances of each other, the spherical form of 
the earth is disregarded, and the level treated as a plane. But when 
any considerable portion of suxface ia taken into account, the curva- 
ture of the earth's snrfece must be considered. 

The apparent level, at any point on the earth, is a tangent plane, 
touching the earUi at that point only, and the true level ia below this, 
and the distance below, depends on the distance fnun the tangent 
point. 

Let T be any point on the surface of tiie I 
earth, at right angles to the plumb lioe from I 
this point is the plane or apparent level ATS; I 
but the tme level, or the surface of standing I 
water, would be the curved surface GTM. 

The distance A &, depends on the distsnee I 
AT, and the radhia of the earth CG or CT. 

From &, draw GJ), at right angles to AC; I 
then the two triangles ATC, AOD, are equi- 
angular and similar, and give the propordoQ 
CT:TA::J)G: GA. 

Prai^tdly. — TA is a very short distance compared to OT, for 
TA, the di^ance within which we can take observations, is never 
more than two or three miles, while the distance GT is near 400O 
miles ; therefore, CT ia nearly equal to CA, consequently, HA is 
nearly equal to DG, so near that we shall call it equal. 

Obeerve that TJ>=I)Q; hence DG^^TA. 
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KoWy in the preceding proportion, in the place of DG^ put ita 
equal \TA^ and we shall have, 

CT\ TA:\\TA : GA. 

Whence. ^^=^ Ako,^=[gJ, (1) 

That is. The iquare of the distance, divided by the diameter of the 
earth, is the distance between the apparent and the true level. 

We can arriye at the same restdt bj the direct application of the 
36th proposition of the third book of £uclid, or by the application of 
theorem 18. third book of Bobinscm's Geometry. 

Because ^ is a point without a circle, and ^T^ touches the circle, 
we must hare 

AGx{Z0&+AO):=^Jf' 

But 2CG, which is the diameter of the earth, cannot be essetUiaUy 
or (spprtciajbly increased, by the addition of AGy which is at most, 
but a few feet, therefore. AG within the parentheses, may be sup- 
pressed without making any appreciable error. Then divide by 2 CG. 

AT' 
Whence. ^(7=__--., the same as before. 

2CG 

If we take one mile for the distance TA, the value of GA will 
be f-^fSsQMl inches. 

By comparing equations (1) we perceive that. 

GA :ga : : TA* : Ta 

That is. The corrections for apparerd levels, are in proportion to the 
equarei of the distances. 

The correction for one mile is 8.001 inches; what is it for 10 miles f 
Ans. It is d? inches ; then we have the following proportion. 

8.001 : « : : 1* : lOa «=800.1 inches. 

We haye seen above, that the correction for one mile or 80 chains 
distance, on an apparent level, is 8.001 inches, what is the correction 
for the distance of 20 chains ? 

Let ^=the correction sought, and the solution is thus, 

8.001 : a? : : (80)« : (20)^ 

4* : 1« a;=0.500 inches. 
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In ibis mamiery tbe folloiriiig table was oomputed. 

TMe ihowinff the deferences in inehss, between the tnt$ andig^pareni 
levdffor distances between 1 and 100 chains. 



1 


la's. 


26 


iB'i. 


Gh't. 

61 


la's. 


Ch*s. 

76 


In's. . 


.001 


.846 


3.266 


7.221 


2 


.006 


27 


.911 


62 


3.380 


77 


7.412 


3 


.011 


28 


.981 


63 


3.611 


78 


7.606 


4 


.020 


29 


1.061 


64 


3.646 


79 


7.802 


5 


.031 


30 


1.126 


66 


3.786 


80 


8.001 


6 


.046 


31 


1.201 


66 


3.926 


81 


8.202 


7 


.061 


32 


1.280 


67 


4.061 


82 


8.406 


8 


.080 


33 


1.360 


68 


4.206 


83 


8.612 


9 


.101 


34 


1.446 


69 


4.361 


84 


8.832 


10 


.126 


36 


1.631 


60 


4.600 


86 


9.042 


11 


.161 


36 


1.620 


61 


4.664 


86 


9.246 


12 


.180 


37 


1.711 


62 


4.806 


87 


9.462 


13 


.211 


38 


1.806 


63 


4.968 


88 


9.681 


14 


.246 


39 


1.901 


64 


6.120 


89 


9.902 


16 


.281 


40 


2.003 


66 


6.281 


90 


10.126 


16 


.320 


41 


2.101 


66 


6.443 


9] 


10.361 


17 


.361 


42 


2.208 


67 


6.612 


92 


10.687 


18 


.406 


43 


2.311 


68 


6.787 


93 


10.812 


19 


.461 


44 


2.420 


69 


6.966 


94 


11.046 


20 


.600 


46 


2.631 


70 


6.126 


96 


11.233 


21 


.662 


46 


2.646 


71 


6.302 


96 


11.62] 


22 


.606 


47 


2.761 


72 


6.480 


97 


11.763 


23 


.661 


48 


2.880 


73 


6.662 


98 


12.017 


24 


.720 


49 


3.004 


74 


6.846 


99 


12.246 


|25 


.781 


60 


3.126 


76 


7.032 


100 


12.602 



This table is of liUle or no practical use, for levelers rarely take 
sight to a greater distance than 10 chains, aad at that distance the 
correction is only one-^hth of an inch, and if they put the level 
midway between two stations, they annihiiate the corrections 
altogether. 

Suppose a leyel to be placed at T, midway between A and B ; the 
instrument will show them to be on the same levd, as so they really 
are, for they are at equal distances from the center of the earth ; but 
if the observations were taken in reference to A and a, tbe apparent 
level would not show equal distances from the center of the earth, 
and a correction must be applied, if the difference of distances is 
more than four or five chains. 
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To comprebend tbe ^ihola nibjeet, we tamtt i 
JOoderD 

8FISIT LKTXL. 




The figure before ua r^»«fleiitB thk ose&d inatrameat, »part &oin 
its tripod. 

Its principal puts are the teleeot^ AB, to whioli^ is attached Ibe 
leTeling tube OD; Ehe telescope leats in a bod, iwbiah is supported 
by poste yy, called the y't ; EE is a finn bar, supporting tbo y's. 
In iS is a socket, vhich receives tbe central pivot of tlie tripod 
(whicb is not here represented). 

WLen the insbument is put upon its tr^od, the tube S can be 
clasped on the outside, and held firmly by a clamp ecnew, it can 
then be moved horiEOutally, as minutely and readfly as desired, by 
means of a tangent screw. 

The tripod contains a pair of brass plates, to tbe lover one tbe 
legs of the tripod are firmly attached, tbe other plate moves in all 
lUrectJons on its center, and is voiced by four screws ; these ax& 
sailed the leveling scrtfWs ; these plates are purposely made ^nall aa 
a greater surety ag^nst bending : the four leveling screws are 
placed at tbe four quadrant pcnnts of the circle, and, with Uie cotter, 
form diameters at right angles. 

The eye-glass of tbe telescope is at jj, the diject glass at B. Tbe 
screw V runs out the tube whicb holds tbe object gUes, to adjoit it 
to diSeront distances. 

Tbe telescope is fastened into the y'», by 1^ loops r r, wbiah aw 
fiutened by the pins p p. ^e telescope oaji be reversed in the y"*. 
by taking out tbe pia»pp; ^immg the loops rr; taking up the 
tube, turning it round, and again placing it in tbe ;*< ; then A wiM 
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take tihe poaidon of £r ttid BoiA. The necessity ol thb construe. 
tkNi will appear when we describe the adjustment. 

At nn are two small screws that are attached to a ring inside of 
the tabe ; Hiis ring holds a horizontal spider line ; the object of 
the screw is to elevate and depress that spider line. 

Aiq q { only one q can be seen in the figure ), are two screws 
that work another ring, which holds a peipendlcular spider line, 
which can be moyed to the right and left by tftie screws q q. The 
two spider lines show a perpendicular and horizontal cross at the 
focus of the telescope. 

Before using the instrument it must be adjusted. The adjust- 
ment consists : 

1st. £i making the center of the eye-glass and the intersection of the 
spider^s lines coincide with the axis of (he telescope, and this line is 
called the line of coHinuztion, 

2nd. in making the axis of the attached level, CD, parallel to the 
line of colHmation, in respect to elevcUion, 

3rd. Bi making the attainted level lie exctctly in the same direction as 
the line of coUimation. 

To make- Hie fiiHt' adjusttaient, tlie telesc(^e is made to revolve 
in the y's. 

To make the second adjtiidtment, there is a screw a, which serves 
to elevate and depress the end of the leveHng tube at O. 

To make the third adjustment, there is a side screw b, which 
drives the end of the tube D to' th^s right and left, as the case may 
require. 

J'irst Adjustment, — Plant the tripod, place the instrument upon 
it, and direct the telescope to some well defined and distant object. 

Draw out the eye-glass at A, until the spider's lines are distinctly 
seen, then run out the object glass by the screw V to its proper fo- 
cus, when the object and the spider's lines will be distinct. Now 
note the precise point covered by the horizontal spider's line. 
Having done this, revolve the telescope in the y's half round, when 
the attached level will be on the upper side. See if in this position 
the horizontal spider's line appears above or below the same object. 

. If this line ohould appear exactly in the same point of the object 
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as before, this spider's line is already in adjustment, but if it ap« 
pears above or below, bring it half way to the same point by means 
of the screws n n, loosening the one and tightening the other. 

Carry back the telescope to its original position, and repeat 
the observation, and continue to repeat it un,til the telescope will 
revolve half round without causing the horizontal Une to rise or 
falL This will show that the horizontal line is a diameter of the cir- 
cle of revolution, and not a chord of it. Make the same adjustment 
in respect to the vertical hair, and the line of coUimation is then 
adjusted. 

Second AdjuetmerU. — That is, to make the tube CD horizontally 
parallel to the line of coUimation. Place the instrument properly on 
its tripod, and bring the horizontal bar JSE directly over two of the 
leveling screws ; turn these screws until the bubble d rests in the 
center of the tube. 

Now OjD is on a level, but we are not aUe to say that the line of 
sight through the telescope, that is the line of coUimation, is on a 
level also. To test this, take out the pins p p, open the loops r r, 
and take out the telescope with its attached level, and turn it end 
for end, put it back in its bed, and put the loops over and pin them 
down. If the bubble now rests in tiie nuddle, no adjustment is re- 
quired; if not, the bubble wiU run to the elevated end. In that case 
the bubble must be brought half way back by the leveling screws, 
and the other half by the screw a. 

Repeat the operation until the bubble wiU settle in the middle of 
the tube after reversing the telescope. 

I%ird AdjuHment."^ The second adjustment being completed, re- 
volve the telescope in the y's, and if the bubble continues in the 
middle, the axis of the telescope and the axis of the tube CD lie in 
the same direction, or in the same vertical plane ; and if they be not 
in the same vertical plane the bubble wiU run to one end or the 
other ; in that case the side screw b wiU remedy the defect 

The three adjustments are now made cgoproximatdff, no one of 
them can be made perfectly while the instrument is greatly out of 
adjustment in relation to the others ; therefore commence anew. — 
Bring the bar H^ over two of the leveling screws, and level the 
instrument; then turn it over the two other screws and level it in that 
direction also. Now, if we can turn the instrument quita round 
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irithont removing the bubble&omthecenterhiainpretty good ad- 
justment, but if otherwise, u la to be expected, make aU thtu 
<u§uttmetita over agtdn; they osn now be made vith mach ku 
difficulty. 

It is important that a leyel ehonld be in as perfect adjustment aa 
posuble, but perfection in all respects is almost, yea, quite imposd- 
Ble. Tet, with a level considerably out of adjustment, we can ob- 
tl^ the rdaliet deration of any two points, provided we can set the 
level midway between them. 

To illustrate this, suppose the instrument placed at B, midway 
between two perpendicular rods Aa £b. 




Let ai repreeeiA the true horiEontal line, but sappose that the in- 
fltmment is so imperfect, or out ctf adjustment, that when the level- 
ing tube OD is horizcmtal, the telescope would point out the mini; 
lint DA, and the rise would he Aa. On turning the instrument 
round and sighting to B, the rise must be the same as in the oppo- 
site direction : for the dutance i* the tame, therefore A and B are as 
truly on a level with each other as a and b. 

By this problem, practical men complete the second adjustment of 
the instrument They make the three adjustments as just expl^ned, 
as accurate^ aa possible. They then measure, very carefully 
the distance between two stati<ms, as S and F, and set the in- 
strument exactly midway between them as represented in the last 
figure. 

They then level the instrument ( that is the tube CD ), and 
find the difference of the levels between E and F ( two pegs driven 
into the ground ). 

Kow, suppose AE measures on the rod, - 4.762 feet 

And BF " " " . - e.327 feet. 

Then E b above F ■ - - - . * 1.576 feet 
11 
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They now bring ihe lerel near to one of the stations as E, and 
lerel it rery accurately, and sight to the rod AE, 

Now, suppose the target stands at - - - 5.137 feet. 
To this add 1.575 f eet 

6.712 

The rod man now goes to the station F, puts his target cm the rod 
exactly at 6.712, and the telescope is turned upon it, and the hori* 
zontal spider's line ought to just coincide with the taiget, and will, if 
the instrument is in perfect adjustment ; if it is not, the error is taken 
out by the screws nn. If the error was but slight, as in such cases 
it always is, with good instruments, the adjustment is as complete as 
it can be made. 

With the level there must be 

▲ BOD. 

The rod is commonly ten feet long, and divided into tenths and 
hundredths, some have also a vernier scale which in effect subdivides 
to ih43U9andihs. The taiget slides up and down the rod, and car- 
ries the vernier on the back of the rod ; the target has equal alternate 
portions psdnted black and white for contrast. 

A party to take the necessary levels on the line of a railroad or 
canal, alter the stations are measured off, should consist of a leveler, 
and assistant leveler, a rod man, and an axe man. 

The leveler and assistant leveler both keep book, and sometimes 
the rod man also. If there is no assistant leveler, the rod man will 
have an abundance of time to keep book, and under such circum- 
cumstances always does so. Under all circumstances, two persons 
keep book, to have a check on each other and guard against mistakes. 

In the field the aim is to put the level midway between the two 
stations, but they are not particular about it if the iostrument is in 
good adjustment ; they ratiier take the most advantageous spot to 
sight from. 

When the ground admits of it, that is, sufficiently level, two or 
three intermediate stations are observed, as well as the extreme back 
and fore stations. The extreme back and fore stations are called 
changing stations; at these stations pegs are driven into the ground 
by the axe man for the rod man to plant his rod, so as to secure 
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the same pmnt for both the fore and back sight. At the intennedi- 
ate «tati<»i8 thej hare no pegs, and are not pariiadar in any r€9p0ci, 
for an errors cancel each other. 

The common raOroad cham is 100 feet, divided into 100 links ; 
each link is therefore one foot. Levels are commonly taken at inter- 
vals of 200 feet, oftener if the ground is very uneven, but a station 
is considered 200 feet, and the number of the station multiplied by 
200 gives the number of feet from the commencement. 

The field book is kept thus : 

B. 8. meaiiB back sight, F. 8. fore sight, A. ascent, D. descent, T. total 
elevation above a common base. ' 

N. B. — When the back sight is less than the fore sight, the 
ground is descending, and the converse. 



Sta. 


B.8. 


7.8. 


A. 


B. 


Total. 













100 


4.32 


7.21 




2.89 


97.11 


1 


5.62 


8.17 




2.66 


94.46 


2 


*9.18 


6.27 


2.91 




97.37 


3 


6.27 


6.12 


0.16 




97.62 


4 


6.12 


3.76* 


2.36 




99.88 


6 


9.81 


11.62 




1.81 


98.07 


6 


8.47 


9.02 




0.66 


97.62 


7 


2.64 


8.91 




6.27 


91.26 


8 


1.07 


7.38 




6.31 


84.94 


9 


4.29 


6.32 




1.03 


83.91 


10 


5.32 


4.86 


0.47 




84.38 


11 


4.86 


3.17 


1.68 




86.06 


12 


8.22 


1.63 


7.31 




93.37. 



Thus we go through the whole Hne. We commenced with the 
eonstani 100, but this is arbitrary,^ the object of taking a constant is 
to avoid the minus sign, that is, getting below our ruled paper in 
making a profile of the vertical section. 

Where the line is to be generally ascending, we assume a small 
constant, where generally descending a large one ; taking care in all 
cases to have it so large as not to run it out. 

At each and every section we know exactly how much we are 
above or below the constant base, and the exact ascent or descent 
from any one station to any other. 

The following diagram represents a vertical section of the ground 
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irhera tfaese level* irere taken, with the encKptiaft of the GOfgen- 
tton of the rooghiWM caaied b^ the diSereitoe q( tealetr for the baae 
and perpendicular lines. From one stBtaon to aBOthCT is 900 feet ; 
we hftTe made 10 feet occupy m«re apace in the {>ei^>eBdicwUr dine- 
tJOD than 400 feot does in a botuontal directiiMi. We do tins to 
show mora cleartjr where my particular grade will enter the 
ground, and how mnch it is Laeeasarj to cut or fill at amy particular 

The ligzag line from 100 of 
altitude to 86, lepresenta the 
surface of ground, and suppose 
that we wished to reduce it to 
n regular grade so as to remove ■= 

as httle earth as posaible. By I^S^^^^^^^SSS^^^^^^ 
the mere exercise of judgment, *'"' ' tb»«iiis 
we conclude to run die grade between staticHi and 1 1 , from 98 to 
92 ( but the propriety of this concluwon would depend on the con- 
tour of the ground on each side of these slataons ). The direct line 
a b drawn, shows that the grade runs out of the ground &t station 

I , we mast fill in about 2^ feet at stadon 2, the grtide runs into the 
ground again at about 80 feet before we come to station 3. At sec- 
tion 4 the cutting must be a little over 2 feet, at station 6 a little 
over 6 feet, at 7, 2 feet, and runs out of the ground midway be- 
tween stations 7 and 8. 

At stations 9 and 10 we must fill in about 8 feet, and so on ; the 
depth of cutting or filling is obvious at every station. 

If the contour of the ground beyond 1 1 was generally level or 
descending, we would change the grade at station 7 and rtnder it 
more deseending, so as to make less filling up at stations 9, lU, and 

II. In the adoption of grades for a railroad, an engini^er has great 
scope to exercise lus judgment. 

In the representation here made, ab appears Uke a sleep grade, 
but it is not ; it could scarcely appear on the ground other iban a 
level, for the difference is only 6 feet in 2200 feet of distance, which 
b at the rate of 14^^ feet to tbe mile. 

Engineers can freely vary their grade, while it keeps under 18 or 
20 feet to the mile ; but they submit to a great deal of cutting and 
filling, before they establish a grade over 40 feet to the mile. 
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oonxooR or gsouhd. 

Oontonr of groimd is shoim on maps, hj vj"V^g where parallel 
planes mn oat on the Burlace. 

We BlutU fpYO only the gataal prindple. 

Let A be the tap of a hill, whose contour we wiah to delineate; 
measure any oonvement line as AB, up or down the hill, and hj 
the level or theodolite, aacertain the relative ekvationa of a, b, e, d, 
&c., as many planes as we wish to represent 

At A, plaee the level or theodolite, and level it ready for observa- 
tion ; measnre the hei^t of the InBtmment, and put the tai^t on 
Qie rod at that height. 

Send the rod-man and i 
axe-man round tlie hill, on | 
the same level as the in- 
strument. Let the rod-man 
set the rod ; the leveler 
win sight to it throngh the 
telescope, and if the tar- i 
get is below the level, he I 

irill motion the rod-man np the hill, if too high, down the I 
kngth he will get the ^ame level, and there the axe-man will drive 
a stake. In the same manner we will establish another stake further 
on i and thus proceed from point to p<uiit. To get round tlie b'l), 
it may be neeessary to move the instrument several times. The 
plane thus established, is represented by the curve am. 

In the same manner, by placing the instroment at b, we can 
establish the next plane bn. 

Then Ute next, and the next, as many as we please. Where the 
hill is more steep, two of these parallel planes will be nearer bother 
in the figure; where less steep, they will appear at a greater distance 
asunder, and this, with the proper shading, will give a true repre- 
Mutation of the ground. 




SLBTATIOKS PB'TKBinilNBD' B7 A'^PITO 8PH SBIO PBBS- 
SUBB,» AS INDICATXD BT T HE B AR MBT ER. 

The higher we ascend abore the levef of tli^e sea, the less is the 
atmospheric pressure (othef eil!^umstmi0^i^ b^ifig* the same), and 
therefore we can detennine tbe asceiit, |tf orided^ we can aecuratdj 
measure the pressure, and' know the law of its decrease^ 

As this work is designed to be educational as well as'pi^dbai, 
wo shall here make an effort to e^la^ the philosophy of the prb« 
ble]ti> in such a^ manner, aa to)>bi«Mi it upon tiie comprehension of the 
leamef; 

The pressure of the atmosphere at any place, iis measured by the 
h«i^^ ^ « edlimyfr 4f mmtrnfis^ sitemins iil' the barometer tube. 

amiiSbi^mmm^f 6ampfesie&3m' 'm lyfo^s in pvo- 
pMibw 1!ii$^ Ae mix^fmt^ii^ ^^mjjummAg force. 

1hm„$l96gfmi^ Hb tfduoq^ieiv «lc^ be -^i^ded into 
ad^ ]iidlBfiii«$ immbeii' ol'stnti^ ol^ ^ $am& thick- 
nMif^tfttd S6isllttdl: t3fttl^^^ stratum 

may be consideved as uuifonn. 

Commence at an indefinite (Ustanice abore the 
i^lurface of the earth, as at A, and let w represent 
Hie weight of the whole column of atmosphere 
vesting ott'^. Let^e smail and indefiiute dis^ 
tances between ABy B 0, CD, ^., be equal to each other^ and wt» 
shall call them umt$ oi some unknown magnitude. 

The weight of the column of atmosphere supposiad to rest ofi B, 
is greste(r than w,- by aome indefinite part of Wy say the nth part. 

Then the weight on J?, must be expressed byr w+- Jbr f -JL \w. 

In the same manner, the weight or pressure resting on C, must be 
the weight above B, increased by its nth part ; that is, it must be 

(j^\+ (jpY' ^^<5^ by addition is^^i y«.. 

In the same manner, we find that the weight resting on 2>, must 
bei—T— 2- ur, and so on. For the sake of perspicuity, we recapitulate. 
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on B IS (^^- V •• *• 1 

on C is (^^^ w *' " « 

** «* on D is O^+ii' 10 " " 3 



«« «< 



<« « 
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" " on ^ IS vHriH 10 ^ 

** " on J' is (»'^0* tp ** M 5 

Here we observe the series which represents ihe pressure ^f 
lUmosphere, at the different points A,£, C,iBC,, is a series in geometrical 
proffreaeum, and it corresponds with another series in wUhmetkid 
progreeeion ; therefore, by the nature of logarithms, the numbers in 
the arithmetical series, may be taken as the logarithms of the num- 
bers m the geometrical series. 

But this system of logarithms, may not be hj^perMic nor tabular, 
indeed it is neither ; the bate qf this system is as y^t unknown, but 
oar investigattions will soon lead to its discavefy. 

Now, let the number of units from Aio S (the surliaee of the 
sea), or to ^ lower qf two stations, be represented by «, then the 

expression for the pressure of the air would be{ --L_ A w, but this 

is neither more nor less than th^ weight of the column of mercury 
in the barometer, which is sxistained by this ja^essure. 

By calling this b, and designating the logarithms of this vmloiowii 
syst^n by L\ we shall hare 

X'd«« (1) 

Taking y to represent the number of imits from ^ to F, and ^^ to 
represent the pressure of the air at that point, we shall have 

X'^.=y (2) 

Subtracting (2) from (1), we shall hare 

Lb^JL'b,^9^yv=:SV 

This is, a certain peculiar lofftirithn of the baromiater edumi^ «t the 
lower station, diminished by the logarithm of the barometer at the 
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upper station wilhgiTe the diffsrence of lereb between the two sta- 
tions. But still all is indefinite and unknown, because we know 
nothing of tbese logarithms. 

In algebra, we learn that the logarithms of one system ean be 
converted into another by multiplying them by a constant multiplier 
called the modtdui of the system, therefore, 

Assume Z to be the modulus or constant that will convert com- 
mon logarithms into these peculiar logarithms. 

Then, Z(log. 6— log. ftj=5r (3) 

Here, log. b denotes the common logarithms of the barometer 
column. 

Equation (3) is general, and determines nothing until we know 
SVin some particular case. 

Taking SVsome known devaiUm, and observing the altitude of 
the barometer column at both stations, and then equation (3) will 
give Z once for all. 

Putting k to represent the known devotion, and we have, in general, 

^^log. 6— log. b, (*) 

JSkcample. — At the bottom and top of a tower, whose height was 
200 feet, the mercury stood in the barometer as follows. 
At the bottom, .... 29.96 inches s5 

At the top, ..... 29.74 inches ^ssb, 

the temperature of the air being 49^ of Fahrenheit's thermometer. 

Whence Z=, ^ = ^^ - =62600 nearly. 

Yvnence, -^— j^g. 29.96— log. 29. 74 0.003201 ^ 

** But this multiplier is constant only when the mean temperature 
of the air at the two stations is the same ; and for a lower tempera- 
ture the multiplier is less, and for a higher it is greater. A cor^ 
recUon, however, may be applied for any deviation from an aaetaned 
temperature, by increasing or dindnieking ( according as the tempera-' 
tare is higher or lower) the approximate height by its 449th part for each 
degree of Fahrenheit s thermometer. We can moreover change the 
multiplier to a more convenient one by assuming such a tempera- 
ture as shall reduce this number to 60000 instead of 62500. Now 
62600 exceeds 60000 by its 25th part ; and, smce 1^ causes a 
cbaage of one 449th part, the proportion 



LEVELING. 169 

ffveB 18^ neaily for the redncfioii to be made in Hae temperature of 
the air at Uie time of the above observatioiis, in order to change Uie 
constant multiplier fnmi 62500 to 60000, or to 10000, by calling 
the height fathoms instead of feet. Thus, instead of the thermometer 
standing at 49^, we may suppose it to stand at 49^ — 18^ or 31^; and 
then, we take 10000 as the mnltiplier, and apply a correction addi- 
thre for the 18^ excess of temperatore.^' 

The same obserrafions, for example, being given, to find the 
height of the tower. 

1.47664 
- . 1.47334 

0.00320 
- - - 10000 



29.96 


log. 


29.74 - 


- log. 




Diff. of log. 




Multiplier 




Product 



32 

Then the height of the tower is 32 fathoms, or 32X6=192 feet, 
on the supposition that the temperature of the air was 31^ in place 
of 49^. But it being 49^, we must increase 192 by its ^^^ part for 
each degree above 31^, that is, by ^^\ or ^j nearly of its approxi- 
mate height, which gives nearly 8 feet to add to 192, making 200 
feet for the height of the tower. 

The same ^ii^od is applicable to other cases whatever be the 
temperature qf the air at the two stations, provided it be the same 
or nearly the same at both stations, or provided we take the mean 
temperature of the two stations. We can find the difference of 
levels of two stations to considerable accuracy by the following 

RxTLB. — ' 1st. Tdhi ike dijference of ike logarithms of the two baro" 
meter columns, and remove the decimal point four places to the right. 
This is the approaHmaU d^erence of levels infaihoms, 

2d. Add-f^-^ of the tj^pproximate height for each degree of tempera- 
ture above 31^, and subtbaot the same for each degree Mow 31^ ; the 
result cannot he far from the trtUh. 

XXAMPLBS. 

1. The barometer at the base of a mountain stood at 29.47 inches, 
and taking it to the top, it feU to 28.93 inches. 

The mean temperature of the sir was 61 ^. What was the height 
of Uie mountam m feet ? Ans. 603.34 feet. 
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29.47 log. - - - 1.469390 
28.93 log. - - - 1.461348 

0.008032 
Approximate height in fathoms, 80.32. 

Oorrectum.— Add /^V o^ ^^-^^ ^ *^^K ^^^^ '^f ^^ 3*^7. 
Height, in fath(«is, - - 83.89 
Multiplj by - - - 6 

Height in feet, - - 603.34 

The average height <^ the barometer, at the level c^ the sea, is 
30.09 inches ; and now if we know the average height of the baro- 
meter at any other place, and the average temperature, it is equiva- 
lent to knowing the elevaticm of the latter place above the level of 
the sea. 

For example, the mean height of the barometer at Albany Academy 
is 29.96, and the mean temperature is 49^. How high is the 
academy above tide water ? 







Ans. 117.3 feet. 


30.09 log. 
29.96 log. 


1.478422 
1.476642 


49° 
31 


Approximate height 
Add ^\ or jfj 


0.001880 18° 
18.80 ^thorns. 
76 



19.66X6=117.3 feet. 

2. The average height of the barometer at Amenia Seminary 

in Duchess, Co., New York, is stated in the Regents' report at 29.81 

inches : average temperature 49°. What is the height of that point 

above tide water ? 

Ans. 263.32 feet. 

3. The mean height of the barometer at Pompey Academy, On- 
Ondagua Co., New York, is 28.13, corrected and reduced to 32^ 
Fahr. What then is the elevation of that locality ? 

Ans. 1766 feet. 
Others have made it 1746 feet. 

4. From various observalions on the summit of Mount Washing- 
ton, in New Hampshire, the mean height of the barometer there is 
24.20, m^an temperature at tibe times of obMrvation was about 66^ 
Fahr. 
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Now aximitting that the mean teiiiperatii|:e at t]ie sur£Aoe of the 
tsea, in the same latitude must have been 75^, which would makt 
the mean temperature between the two stations 70^, what the^ is 
the height of Mount Washington above the sea ? 

Ans. 6170 feet, nearly. 

By some observaiions the elevation is estimated at 6496 feet» by 
others at 6290 feet 

5. Lieutenant* Fremont, in his narrative of the exploring expedi- 
tion across the Rocky Mountains, page 45, under date of July 13th, 

1842, states his latitude at 41® 8' 31", longitude 104° 39' 37", 
height of the barometer 24.86 inches, aU^^hei thermometer 68® ; 
what was his elevation above the sea ? Ans. 538.9.2 feet. 

Rbmakk. — The author states his elevation at 5449. feet As he does net state 
the temperature of the air by the detached thermometer, we know not what 
oorvsctioa he made. These eoUtary barometrical obseryations are more or less 
valuable, accordin^^ to the settled or unsettled state of the weather. A person 
ef experience and good judgment in such matters, like Fremont, wo aid not of 
course record the inapplicable observations. 

6. Lieut. Fremont, in his journal, page 104, under date of August 
15th, 1842, whai, as he supposed, on the hi^^est point of the Rocky 
Mountains, observed the barometer to stand at 18.29 inches, and the 
attached thermometer at 44^| ; what was the elevation above the 
level of the sea ? Ans. 13522 feet. 

Fremont estimates the elevation at 13570 £^ 

This shows that he estimated the mean temperature above 50^, 
imd no doubt a similar causi^ made the diflerence in the result ^ 
the previous example. 

7. On page 140, of Fremont's Journal, under date of July 12th, 

1843, he says ; " The evening was tolerably clear, with a tempera- 
toxB at mmset^ of 63^. Elevation of the camp, 7300 feet'* 

Taking the mean temperature of the two stations, the sea and his 

* Lieutenant was his proper title at this time. 

t If the sea were at the base of the mountain, the temperature at the lower 
station would no doubt be as high as 60^. Making this supposition, the mean 
temperature of the two stations would be l»(P. We therefore take 5(P as the 
IH6>B tenperaiitre. 
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place of obseryatioiit at 67^, what must have been the height of his 
barometer ? Ans. 23.21 mches. 

Represent the approximate eleration bj y, then 
y+?!?y «:7300 Or, y=6738.1 4 

Diyide y bj 6, which gives 1126.35. Divide this by 10000. 
Then, let x represent the altitude of the barometer colimm. 

Whence, 1.478422— log. «=0.1 12636 
Therefore, log. xss 1 .366787 

In the preceding examples we conld only be general and approxi- 
mate, we had onlj the observations at one station referred to general 
observatioins at Uie other; but our resultscannot be fiu: from the 
truth. 

When the difference of temperatures at the two stations is con- 
dderable, the result must be affected by it. 

When the upper station is the coldest^ which is generally the case, 
the mercurial column wiU be shorter than it otherwise would be, and 
consequently indicate too great a height. 

If the temperature of the upper station is taken for the tempera- 
ture of the lower, the mercurial column at the lower stati<m would 
not be high enough, and the deduced result would be too small, as 
is the case in example 5. 

The contraction of mercury being about one 10000th part for 
each degree of cold, or, 0.0026 in a column of 26 in., it would 
require 4^ difference of temperature, to produce an effect amounting 
to one division on the scale of a conmion barometer, where the 
graduation is to hundredths of an inch. 

This correction is combined with the former in the following 
equation, in which if represents the temperature of the air at ihe 
two stations ; ^ at the lower station, ^and /the temperature of the 
mercury, as indicated by the attached thermometer. 

The fraction 0.00223, is equal to j^j nearly ; Asthe height 
sought, b and h, represent the observed height of the mercurial 
column* 

«»10000 -jl +0.00223 ^ty-^Al log. ,, , L r »v 
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.13? 



Beside the correctio^s preyiousiy coQsider^dj r^g^d \$ sqo^etimes 
liad to the effect of the variation of gravity in different latitudjsj^ 
and at different elevations above the earth's surface. The latter* 
however, is too small to require any notice in an elementary work. 
The former may be found by multiplying the approximate height 
by 0.0028371 Xcos. 2 lat. It is additive, when the latitude is less 
than 45P, and subtraetive when greater. Or it may be taken from 
th» Ibllowing table. 



Htftfliai^ 


OomeUoB. 


QO . 


' H- tVt ^ ^ OPP- iMght. 


HP 


- + tir 


10<=» • 


- + »H 


IfiP 


• + rfr 


20P * 


- + xir 


«6<=> 


■ + »*T 


30® - 


■ + tH 


S6<^ 


• +T^. 


40<' - 


- +1^. 


450 . . 





50° - 


• ~~jThr 


660 


— T At 


60° . 


- - Th 


66<^ 


- rfT 


70° - 


- - liT 


76° 


• - iH 


80^ - 


- - T+I 


86° 


- rfT 


900 - 


- - ^T 



Given, the pressure of the atmosphere at the bottom of a moun- 
tain, equal to 29.68 in. of mercury, and that at its summit, equal to 
26.28 in., the mean temperature being 60^, to find the elevation. 

Ans. 727.2 fathoms, or 4363.2 feet. 

The fdllowing observations being taken at the foot and summit of 
% mountain, namely, 

at the foot, bar. 29.862 attach, therm. 78^ detach, therm. 71^ 
«t the sunmiit, « 26.137 " 63^ « 65^ 

to find the elevation. 

Ans. 612.9 fathoms, or 3677.4 feet 
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It 18 reqtiired to find the height of a mountain m latitude 30^, the 
obsenratioins with the barometer and thennometer being as follows ; 
vtaaanAj, 

atthelooty bar. 29.40 attach, theim. 50^ detach, thenn.* 43^ 
at the siimmit^ " sa.19 '< 46^ " S9<^ 

Ans. 683.S7 fathoms, or 4099.62 feet. 

If we aasmne anj temperature, for instance 45^, and the height 
of the barometer at the level of the sea, at 30.09 inches ; we can 
compute the ekration of the point, where it would be 29.99, 29.89, 
89.79, 29.69, d?c., inches ; and thus we might form a table, showing 
the derations that would correspond to anj assumed height of the 
barometer at that temperature. It will be found, that the first fell 
of -/^ of an inch wiU correspond to about SSifeet in eleyation, but 
erery subsequent tenth, will require a greater and greater ekyation. 



• TIm attachod thennometer meaeuree the tempentnre of the mezeary in the 
havometer, and tiie detaahed thermometer, that of the ■onroimdiiig air. 
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CHAPTER I. 

INTRODUCTION. 

TSxyioArum is the art of conducting a ship from one place to 
another. 

In most works this art is mixed up with seamanship and elementary 
science. In this work, nayigation will stand by itself — alone ; and 
we shall presume that the reader is properly prepared in elementary 
science. 

This being the case, it will not be necessary to take up time and 
space in giving definitions of latitude, longitude, meridian, horison, 
Ac, Ac, the previous indispensible knowledge of geography neces- 
sarily gives a knowledge of all these terms. 

Navigation, rightly understood, requires an accurate knowledge 
of the geography of the seas — the winds and currents that here 
and there prevail, and also a good general knowledge of astronomy. 

Bunning a line in surveying and running a course at sea, are math- 
ematically the same thing, except that the latter is on a larger scale 
than the former, without its accuracy, and it is for a different object 

In surveying we take no account of the magnitude and figure of 
the earth. In navigation we are compelled to do so, unless the 
Bmits of the operation be very small. 

There are two methods of finding the position of a ship. 

1st. By tradng her courses and distances, as in a survey. This 
is called d!0ac^ reckoning. 

2d. By dedudjbg latitude and longitude from observations on the 

heavenly bodies. This is called nauUcal OBbrcnomy. 

(176) 
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No one expects accuracy from dead reckoning ^ and aa a general 
thing it is only used from day to day, between observations ; or to 
keep the approximate run during cloudy weather or until observa- 
tions can again give a new starting point. 

Some navigators keep a contmuous dead reckoning from port to 
port, which enables them to jvdge ,of xirifts, currents, and unknown 
causes of error. 

The earth is so near a sphere that for the practical purposes of 
navigation it is taken as precisely so. Its magnitude corresponds 
to 69^ English miles to one degree of the circumference, but in the 
early days of navigation 80 miles wei^ apposed to be about 
a degree, which for the sake of convenience is still retained. 

The siatidh part of a degree is called a nautical mile, and it is, of 
eourse, laiger than an English mile. 

In an English mile there are - - ' - 5280 feet 
In a nautical mile there are ... 607? feet 

The rate which a ship sails is measured by a line running off of 
a reel, called the log line. 

The log is nothing more than a piece of thin board in the form of 
a sector, of about six mches radius, the circular part is loaded with 
lead to make it stand perpendicular in the water. 

The line is so attached to it that the fiat aide of th® log is kept 
toward the ship, that the reastaace of the water against the £A9e oi 
the log may prevent it, as much as possible, from being dragged 
itfter the ship by the weight of the line or the friction of the reel. 

The time which is usually occupied in determining a ship's rate 
is half a minute, and the experiment for the purpose is generally 
made at the end of every hour, but in common merchantmen at the 
end of every second hour. As the time of operating is half a min- 
ute, or the hundred and twentieth part of an hour, if the line were 
divided into 120ths of a nautical mile, whatever number of those 
parts a ship might run in a half minute she would, at the same rate 
of suling, run exactly a like number of miles in an hour. The 120th 
part of a mile is by seamen called a Aritof, and the knot is generally 
subdivided into smaller parts, called /o^Aonw. Sometimes (and it is 
the most convenient method of division ) the knot is divided mto tra 
parts, more frequently perhaps into eight; but in either 4}a8e the 
subdivision is called K/aikom, 
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We sKali eonsMer a &t]ioin the tentih of a knot, and as the nauti- 
eal mOe is 6079 feet, the ISOUi part of it is 50.66, the length of a 
knot on the line, and a little over 6 feet is the length of a &thom. 

The operation of ascertaining the rate of saQing is called by sea- 
men ktavmg ike log. 

At the end of an hour the loaded ekip, gt log, is thrown oyer the 
stem into the sea ; a quantity of the line, called the eiray line, is 
allowed to ran off, then the glass is tamed and the nomber of knots 
that mns off the reel during the Ao^ minute is the rate of the ship's 
motion* 

The kg IS then hauled in and the same operation is repeated al 
the end of the next hoar. 

The officer of the watch, who has been on deck during the hour, 
wiO mark cm the slate or board, called the log board, the number 
of miles and parts of a mile which the ship has sailed during 
the last hour, according to the best of his judgn*,eni; the log was 
thrown only to help mi^e up that judgment, for the rate at the tame 
the log was thrown may have been considerably more or less than 
the average motion during the hour. 

The coarse of a ship is marked by the mariner's compass. 

The mariner's compass differs from the surveyor's compass only 
by its constraction, that is, the magnetic needle is the motive power 
m both. In consequence of the motion of a ship at sea, the mari- 
ner's compass is suspended in a double box, moving on a double 
axis, one at right angles with the other, the whde balanced by a 
central weight which keeps the compass card nearly steady and hori- 
sontal, whatever be the motion of Uie vessel. 

The card is attached to the needle, and is moved by the needle. 
The card is divided into 32 equal parts, called points, and to read 
over these p<Mnts in order, is called by seamen, boxing the eompaes, 
and to know the north star and box the compass is too often the 
amount of the common sailor's knowledge of navijgation. 
12 
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The figure 
before us re- 
presents the 
cord* of the 
m ariner 's 
compass. The 
four qnadnut 
points are 
marked by a 
angle letter OS 
N. Ibr north, 
S. fin- ewt 
The midway 
points between 
these hj two 
letters, as N. 
S. for north- 
east, N.W.ba nordi-west, he. One point ^Sixx way from any one 
of these eight points is mariced by the wwd Sy. Thtis, N. by S. ia 
one ptnnt from the north toward the east, and it is read norUi by 
east ; S. E. by S. indicates <Hie point from the south-east more to 
the south, and il is read totdi-eatt Sy touih ; W. by N. means west 
one point toward the north. 

To box the compass we begin at any point, as norUi, and mmljon 
every pdnt in order all the way round, thus i 

North; north by east; north north-east; north-east by north; north- 
east ; nortb-east by east ; east north-east ; east by north ; east, ha, 

A pcnnt of the compass is 11° 16', wluch is subdivided into foar 
equal parts. Mariners never take into account a less angle than a 
quarter point, in runiiing a course. 

When the mariner seta Ms cooise, he makes allowance for tke 
varialaaB of die iteedle, and his magnetic courses he reduces to trM 
courses, by the following 

Buu.— J/oAe a rtpreaentalion t^ theeompiut card on pt^per, and 
dram a line tkroagk ths eompan eourte. 

Sow, amctive the eomptue card turned equal to the variaAm lo the 
taettoard, if variofton u uetl, and tick tmbma. 
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The line wOl now pass orer the tme course. 

In the following examples, the true courses are required. 



OompMs Cooxm. 


TMiatktt. 


Troa Oonne* 


1. S. S. E. 1 E. 


2i if: 


S. E. b K 


2. E. i K 


SE. 


E, S. E. -^ S, 


3. N. W. b W. 


SiE. 


Kh W,iW. 


4. W. S. W. i S. 


4W. 


S.hW.\ w. 


5. S. S. W. 


H w. 


S.i w. 


6. K 


BE. 


N,E.hE. 


7. E.hS. 


^E. 


S.K^E. 


8. S. 6(PE. 


lepiv. 


8. 7BPE. 


9. iT. 24 W. 


36 E. 


K 12 E. 


10. S. 16 W. 


40 E. 


iSf.66 W. 



LESWAT. 

G?he angle included between the direction of the fore and aft line 
of a ship, and that in which she moves through the water, is called 
the UeuHxy. 

When the wind is on the right hand side of a ship, she is said to 
be on the itarhoard tack ; and when on the left hand side, she is said 
to be on the larboard tack ; and when she sails as near the wind as 
she wHl He, she is said to be dose hauled. Few lar^e vessels wil] He 
within less than six points to the wind, though small ones will some- 
times lie within about five points, or even less ; but, under such 
eircumstances, the real course of a ship is seldom precisely in the 
direction of her head ; for a considerable portion of the force of the 
wind is then exerted in driving her to leeward, and hence her course 
through the water, is in general found to be leeward of that on which 
she is steered by the compass. Therefore, to determine the point 
toward which a ship is actually moving, the leeway must be allowed 
Jrom the vdnd, or toward the riffhi of her apparent course, when she 
is on the larboard tack ; but toward the left, when she is on the star' 
board tack. 

It is only when a ship crowds to the wind, that leeway is made. 

It is seldom that two ships on the same course make precisely the 
same leeway ; and it not unfrequently happens, that the same ship 
makes a different leeway on each tack. It is the duty of the officer 
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of the watch, to ezerdse his best skill in detemuning, or estimating, 
how much this deviation from the apparent coarse amounts to ; and 
in the dark, the chief reliance most be placed on the judgment of the 
experienced mariner. 
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PLANE SAILING. 

Iv plane sailing, the earth is considered as a plane, the meridians 
as parallel straight lines, and the parallels of latitude as lines cut- 
ting the meridians at right angles. And though it is not strictly 
correct to consider any part of the earth's surface as a plane, yet 
when the operations to be performed are confined within the distance 
of a few miles, no material error will arise, from considering them 
as performed on a plane surface. And, as we have already seen, in 
all questions where the nautical distance, difference of latiitide, de- 
parture, and course, are the objects of consideration, the results will 
be the same, whether the lines are considered as curves drawn on 
the surface of the globe, or as equal straight lines drawn on a plane. 

Li all maps, and charts, and constructions, when it is not other- 
wise stated, it is customary to concader the top of the page as pointing 
toward the north, the lower part as the south, the right side as the 
east, and the left as the west. The meridians therefore, in any 
construction, will be represented by vertical lines, and the parallels 
of latitude, by horizontal ones. 

Hence, in constructing a figure for the solution of any case in 
plane sailing, the di£ference of latitude will be represented by a ver- 
tical line, the departure by a horizontal one, and the distance by the 
hypotenusal line, which forms, with the difference of latitude and 
departure, a right-angled triangle ; and the course will be the angle 
included between the difference of latitude and distance. 

With this understanding, the solution of any case that can arise 
from varying the data in plane sailing will present no difficulty. 
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If a Bhq> ad from Cape St. Vincent, Portugal (Lat. ST' V 64" 
nortli), 8. W.i S. 148 nules ; reqoiied bet latitade in, and tlie 
departim which she lias made f 

By ContbtutitM. — Draw the vertical fine AB, to represent 
the meridian ; from the poiat A, make the t 
angle BAC=H pcunta, the giren eomrse ; i 
fr(nnasoaleofeqaalpart8,tske^CBl48milefl, I 
the g^en distance ; from on AB, draw the I 
perpendicular CB, tlien AB will be the dif- [ 
lernnce of latitude, and £C7the required dt- I 
parUm, and meomred (m tlie scale from which I 
^<7waa tahen, AB will be ibnnd 114.4, and | 
BG 93.9. 

Lat left - - - 3r> r 64" Jf7~ 
Diff. lat. - - - • 1 64 24 




Lat in - - - - 3fi° 8' 3(r JK .; Dep. 93.9 

2. If ashipsailfromOportoBar, inLat41°9'north,jr. W.^W. 
316nulee; required her departure and the latitude arrived at? 

Ana. Dep. 233.4 miles W.; Lat 44° 41' JK 

3. If a ship soil from lat 66° 1' .y., S. £. by 3., till her depart- 
ure is 46 miles; required the distance she has sailed and her 
latitude ? Ans. Die. 81 miles ; Lat 63° 54' JV: 

4. A ship from lat. 36° 12' Sf., sails south-westward, until she 
irrires at lat 36° 1' Jf., having made 76 miles departure ; required 
her course and distance. 

Adb. Course S. 46° 67' W. ; Distance 104 miles. 
6. If a ship sail from Halifax, in tat 44° 44' If., S. E. \ E., until 
her departure is 1 28 miles ; required her latitude and distance sailed. 
Ads. Lat. 43° 61' N., and dis. suled 166.6 miles. 

6. A. ship leaving Charleston light, in latitude 32° 43' 30" north, 
sails N. eastward 12S miles, and is then, by observation, found 39 
mOes north of iht light ; required her coarse, latitude, and departure. 
Ans. Lat 33° 22" 30" JIT. ; Course JV. 72° 16' E. ; Dep. 122 miles. 

7. A. slup from Cape St Boque, Branl, in latitude 6° Iiy south, 
Bwls K E. i K.,1 miles an bour, from 3 P. M. until 10 A. M. ; 
required her distanee, departure, and latitude in. 

Ans. Dis, 133. miles ; Dep. 84.4 mileB ; Lat. in, 3°S7' south. 
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8. A ship from latitude 41° 2* JK, lails y. y.W.iW.^ miles 
SB boor, for H dajs ; raqwred her diBtanee, departure, aad latitaide 
•tTivedat. 

Ans. Dis. 330 miles ; Dep. 169.7 miles ; lat. 45° 45' JIT. 

Similar exiimple«, mi^ht be jpven without end, but these are 
iofficieDt, lor Ihej only involve the principles of the solutiua of a 
pbae ri^t-angled triaii([le. 

In the preceding examples it will be observed that we teaced 1^ 
itiidtt from hUitade, and the distance* east -and west we ealleii de> 
parture — not d^rrtnce of longitude. & mat remaiat to dei^mwu 
i^erencK ef longitude fi-om de}iarture. 

Ob the eqnator, 60 miles of departure are equal to one degree of 
longitude, aad the further we are from the equator, north or south, 
that is, the greater tlie laljlade we ore in, the same de^nrtnre will 
cover more longitude. 

To discover the law for changing departure to <Sfference of longi- 
tude, we adduce the following figure. 

Let (7 be the center of the earth, P the 
pole, PO V, portion of the earth's axis. 

The plane PCS is the plane of one 
meridiui, and POA the plane of another , 
mericUan. 

AB\%% portion of the equator between 
the two meridians. ACB is a sector in j 
the plane of the eqnator, and DSB a 
FGQ are sectors similar to A CB. 

Observe that DE, FG, &o., are parallels of latitude, that is, they 
are parallel to AB, the plane of the equator. 

The mi^^nitude of I>£ is called dqxtrture, and it corresponda to 
the difference of lot^vdt AB. 

Also, FQ is departure oorrespcmding to the same difference of 
km^tude AB. The difference of longitude Is always ^«ater than 
any corresponding departure, that is, AB is obviously greater <Aan 
as^ othtrpandld dutanct between the same two meridians. 
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Because the two Bectors ACB DJSS bxq similar, ire hare the 

^proportaaii. 

AC : DHi : AB : DJS (1) 

Observe that AC is the radium of the sphere, Dff ia the sine of 
the arc PD, or the cosine of DA, which is the cosine of the kt- 
itade of the point D, 

Therefore the preceding proportion becomes, 

rad. : cos. lat : : dif. Ion. : dep. 
Or, 008. lat : rad. : : dep. : dif. km. 

In words. The cosine (^ the laiUftde if iothe radhte eoie^ di$pw^ 
tare to the difference of Icngkade, 

These words are indeliblj engraved on the memory ai every nav- 
igator, and they embrace all the rules that can be made for chang- 
ing departure into lon^tude, or longitude into departure. 

When a ship sails east or west, the distance sailed is called de- 
parture, and is reduced to longitude by the preceding proportion. 

This is eaUed parallel sailing. 

XXAHPJ.BS. 

1. What difference of longitude corresponds to 47 miles departure 
in the latitude of 37^ S3' ? Ans. 59.16 miles. 

Let «= the difference of longitude required. 

^ , 47X rad. 
Th^ cos. 37^ 63' : rad. : : 47 : «=s o^?o"Si»^ 

COS. o7 Z5 

By log. Al R - - - 11.672098 

Ck)s. 37^23 - - - 9.900144 



Diff. Lon. 69.16 - - - 1.771954 

2. How many miles, or how much departure corresponds to a 

degree in longitude on the parallel of 42^ of latitude ? 

Ans. 44w59 miles. 

Here the longitude of one degree is ^ven. 

« 60 cos. 42° 
R. : COS. 42° : : 60 : a?= — —j^ 

By log. 60 - . - - 1.778161 
COS. 42° ... - 9.871073 



44.69 .... 1.649224 



n 
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N. B. — In this maimer the lengtib of a degree m longitude cor- 
responding to each degree of latitude has been found and put in a 
table. 

3. A ship sails east from Gape Race, 212 miles; required her long- 
itude. The latitude of the cape is 46'' 40' N., longitude SS^ 3' 16'' 
irest. Ans. l(m. 47° 64' west. 

4. Two places in lat. 60° 12' differ in longitude 34'' 48'; required 
thdr distance asunder in miles. ... Ans. 1336. 

5. How fdx must a ship sail W. from the Cape of Good Hope, that 
her course to Jamestown, St. Helena^ may be due north? 

Ans. 1198 miles. 

^^P® \ Ion. 18° 23' E. Jamestown | j^^ ^o 43^ 30" w. 

6. How fiEu: must a ship sail E, from Cape Horn to reach the meri- 
dian of the Cape of Good ^ope ? The latitude of Cape Horn 
being 66° 68' 30" 8., Ion. 67° 21^ TT., and the latitude and longi- 
tude of the Cape of Good Hope being as stated in the last example. 

Ans. 2878 miles. 

7. In what latitude will the difference of longitude be three times 
its corresponding departure ? Li other words m what latitude will 
JPGf be one-third of ^18 ? ( See last figure.) 

Ans. lat. 70° 31' 44". 

8. Take the 2d example in plane sailing ( page 181 ), the depar- 
ture made, as stated in the answer, is 233.4 miles. What is the 
corresponding difference of longitude ? Ans. 6^ 18' 24". 

This inquiry now arises. To what latitude does this departure 
correspond? Is it to the latitude left, 41° 9', or to the latitude ar- 
rived at, 44° 41' ? Or does it correspond to the mean latitude be- 
tween the two ? 

If we suppose the departure corresponds to lat 41° 9', then the 
difference of longitude by the preceding rule must be 6° 10', and if 
the departure corresponds to lat. 44° 41', then the difference of lon- 
gitude is 6° 28'; the mean of these is 6^ 19', and if we take the de- 
parture to correspond with the mean latitude 42° 66', then the dif- 
ference of longitude would be 6° 18' 24". 

In the examples under Plane Sailing we have supposed l^ie earth 
a plane, and the course a ship sails a straight line, but neither sup- 
position is strictly true. 
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Ueridians are tul pmvilH witk each other, and therefore when a 
Khip sails by the compaas, and cute all the meridUnH at the same 
angle, the line tbat the ship sails Till not be a right line : it iriH be 
a onrre line peculiar to itself, called a rlmmb Iwe. 

For the sake of illiulTation, let us rappoH 
that in tix annexed figure, P is the north ' 
pole, £Q the equator, or a great circle, 
every part of which is a quadrant distance 
&wn P ; PK, PL, PM, &c., great circles 
pasang through P, and of course cutting 
the equator at right angles ; AI, bB, RS, 
Ao., area of smaller circles parallel to the 
equator, and therefore cutting the meridians 
at right anglea ; AE a curve cutting eTery 
meridian which it meets, as PK, PL, PM, Ac, at the same angle. 
Then PK, PL, &c., produced till they meet at the opposite pole, 
are called meridians ; AI, bB, RS, &G., continued round the globe, 
are called parallels of latitude ; AK is called the rhumb line, passing 
through A and S ; the length of A£ is called the nautical distance 
from A to E; and the angle BAb, or any of its equals, eSC, dCl>, 
Ac., is called the course from A to E. 

If a ship B^ from Ato E, EF will be her meridian distance ; but 
if she sail from E ta A, AI-w^ be her meridian distance. 

If AB, BC, CD, dec, be conceived to be equal, and Indefinitely 
small, and their number indefinitely great ; liieu the triangles ABb, 
BcC, &c., may be considered as indefinitely small right-angled plane 
triangles. And as the anglea BAb, CBc, &c., are equal, and the 
right angles AbB, BcO, &c., are equal, the remaining angles A^, 
BGc, Ac, are equal ; and as the sides AB, BO, &e., are tdso equal, 
these elementary triangles ABb, BCc, CDd, Ac, will be all iden- 
tical triangles ; therefore AE will he the same multiple of AB, that 
the sum of Ab, Be, Cd, Ac, iaoi Ah; and that the sum of Bb, Oc. 
J)d,Ac.,UotM. 

It h obvious that 

Ab+Be+ Od+&a.=AF 
the whole difference of latitude. And, 

^+ €k+Pd+Et+&Q.=aiv whole departnr*. 
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But this departure is neiUier EF nor AT, it b greater than EP 
and less than AI\ because hB is less than its corresponding por- 
tion on .^and greater than its corresponding portion on FE. The 
same may be said of c(7, Dd^ Ac. Therefore the departure on any 
course corresponds to neither of the extreme latitudes, but to eome mean 
between the two, and it is so near the arithmetical mean, that the 
arithmetical mean is taken as the true. 

Therefore m all those examples in Plane Sailing, on page 181, we 
can take the departures and find the corresponding differences of 
longitude, provided we take Hie middle latitude and consider the 
departure run on that parallel. 

This method of connecting the change in longitude with a ship's 
change of place is called 

MIDDLS LATITUnS SAILING. 

But in reality there is no such thmg as middle latitude sailing ; 
the cosine of the middle latitude is compared to the radius, as the 
ratio between the departure made and the corresponding difference 
of longitude, but the departure made may be made on one course or 
on sereral courses. When a ship sails on several courses before 
the run is summed up, the summing up and finding the result in one 
course and distance is called working a traverse, and sailing from one 
point to another by several courses is called 

TBAVSBSB SAILING. 

Vn&k adverse winds or crooked channels, vessels are obliged to 
run a traverse. Going round a survey and keeping an account of 
our course and distance from the starting point is working a traverse, 
and the operation is the same on sea or land, except on land we aim 
at coming round to the same point again, but on sea we wish to make 
some other point. 

With this explanation it is obvious that we must make a table as 
in a survey, and compute the course and distance from the starting 
point, and this is called the course and distance made good. 

To work a traverse we use the traverse table of course ; that table 
is made to every half degree, and the column in the table nearest to 
the course is suMciently exact. 
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lihb fbllowing table gires the degree and parts of a degree corns- 
ponding to eveiy point and quarter point of the compass. 



«. 



« -J 





Des. 


i^ 


r> 48' 46" 


1 


' W'Sifio^ 


B^WiBt'^ 


i 


' IV>W 


H 


140 3' 46" 


1* 


i«<^6r SO" 


H 


199 41' 16" 


f 


^99 90" 


H 


2&> IB' 46" 


«* 


88« rscy- 


H 


309 66' 16" 


s 


33*^46' 


31 , 


36*^33' 46" 


»i 


39«> ftr 30" 


i ■ 
1 


42^11' 16^' 




450 0' 



•r-. 



Tvbs^ 


!>•>• 


H 


470 48' 46" 


H 


60<5 37' 30" 


H 


63° 26' 16" 


6 


66<>16' 


H 


69<^ 3' 46" 


H 


61° 62' 30" 


H 


64° 41' 16" 


6 


67^30' 


H 


70° 18' 46" 


H 


73° 7' 30" 


H 


76° 66' 16' 


7 


78° 46' 


7i 


81° 33' 46" 


7i 


84° 22' 30" 


71 


87° 11' 16" 


8 


90° 0' 



H 



In works exclusively designed for practical navigation, the traverse 
table is adapted exactly to the points and quarter points oi the 
compass, but the table in this work is sufficient for the purpose. 

The use of this table is to find the degree corresponding to any 
given course, thus : JV. by K, IT. by W., S. by £,, S. by W., 
each correspond to 1 point or 11° 16'. In usiog our traverse table 
for 1 point we should take a mean result between 11° and 11° 30', 
which mean result can be tak^n by the eye. 

Again S^, hj K^Kib 5^ points, or S, 69° K nearly, and so on 
lor any other course that may be named. 

The student is now fiilly prepared to work the following examples 
in traverse sailing. 

SXAMPLS8. 

1. A ship from Cape Clear, Ireland, mlat. 61° 26' JT. and longitude 
9° 29' W., sails as follows : 

S.S.KiJS. 16 miles, JF. 5. JR 23 mUes, S. W.hj Tr.iir.36 
miles, if: I JT. 12 nules, and S.K by KiE. 41 mUes. 
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Bequired her ooorae and dutance made good, the d^aitore, laiti- 
tode and longitude of the ship. 

By Cmtlntetion. — Take A for the place sailed from, and draw 
the Tertical Une NASC, to repreeent the meridian. About ^, as a 
center, with the ehord of 60°, 
describe a OTcle, catting yC in I 
iVand 8; then itTand .9 wiD I 
represent the north and south I 
pMnIs of ll» oompsss. Take 8^ I 
p<Mnts from the liue of chords,* I 
and apply it bsm Stoa, joia I 
.ida,aDdoDittake^i'=16&Dm I 
a Une of equal parts. l%en D I 
will be the place of the ship at I 
theendof the first course. From I 
S, set off Sb=6 pomte frtim the I 
line of chords ; join Ai, and I 
through D draw I>S, parallel to I 
Ah, tad make it equal to 23 from I 
the same scale of equal parts I 
that AD was taken from. Then I 
JfwiD be the place of tbe ab^, f 
at the end of the aeccmd coarse. Uake So=6^ poists, Jfd 7^ 
pouts, and Se 6^ pcnnts, taken from tbe line of chorda. Thro*^ 
S draw HF, parallel to Ae, and make it equal to 36, frxm the scale 
of equal parts ; through J^ draw fG parsJlel to Ad, and make it 
equal to IS, from the scale of equal parts ; through O draw OS 
parallel to Ae, and make it equal to 41, from the scale of equal 
parla. Demit BC a perpendicular, on the niendi:iD yC, and join 
AB ; then £ will be the place of die ship, AB her distance (torn 
the place which she left, ^(7 her difference of latitude, BC her de- 
partnre, and A^ (7 the course which she haa made on the whole. 
Now, AS, A C, and £C being measured on the Gcitle of equal parts 
from which the distances were Mxa, we have AS=6i.7, AC= 
59.6, and BC=19.6 miles. And the arc mcluded by ^ (7 and AS 
if measured on the line of chords, g^res about 18° for the measure 
of tbe course BA 0. 

• Two uid J points la 36° 18" 45", that ii, take Um chord of 9S° Iff In Um 
dlrtdatsi and aet 11 off from ■ to «, and ao on, far otbar annlei. 
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VBATBBBB TABLB. 



S» S, £. i^' 

JS, S, Sm 

S. W. bv W. ^W. 



Foiati. 


Difl. 


HULImL I 


Bat^ ■ 


2i 


16 


N. 


8. 


s. 


w. 


14.6 


6.8 




6 


23 




8.8 


21.3 




H 


36 




17.9 




31.8 


7i 


12 


1^ 






11.9 


H 


41 


- 


21.1 


35.2 





1.8 



61.4 
1.8 



63.3 
43.7 



46.7 



Besnlt 



69.6 I 19.6 



Latleft 
d]ff.]at • 

Lat. in 



610 25' M 
1 00 S. 



60 26 JT. lCd.lAt.W66' 
To find the course and distance, by tngonometiyf 

As dif. lat 69.6 miles 

: radios 90° 
: : dep. 19.6 miles 

: tan. course IS"" 12' 

As sin. course 18°- 12' 
: dep. 19.6 miles 
: Badius 

: Difl. 62.76 mOes 

To find the dil of longitude. 

As coe. fiO*" 66' 

: Badius 
: : dep. 19.6 

:diff. Ion. 31.0a miles 

Longitude left 
diff. Ion. 

Lon. in 

Tbus, we bare found the course 18° 12' ; Distance 62.76 mfles ; 
diff. longitude 31' K; lat. in 60.26 IT.; Ion. 8° 68' W. 

If these be the distances nm m a day, from noon to noon agahi^ 
then the preceding operation is called working a day's work ; otbw* 
wise it 18 called working a traTexse, as we haye mentioned befim* 



1.776246 

10.000000 

1.292266 

9.617010 

9.484621 

1.292266 

10.000000 

1.797636 



0.799661 

10.000000 

1.292266 

1.492606 

9° 29' west 
31 east 

8° 68' west 
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But this is not the 9eaman*^ way of vroMag u day's work, he does 
it all by inspection, in the traverse table. For eiwnple, taking the 
result of the trayerse 59.6 south, and 19.6 east, which shows that 
the resulting course is between the south and the east, and wiUi 
these numbers he. enters the trarerse table, and finds, as near as 
possible, 59.6 and 19.6, standing as ladtude and departure ; and 
they are found nearly lader the angle of 18^, and ojppesite the dis- 
tance 63. nearly. 

Hence, he takes his course ss S, IB^ JS., and dis. 63. To find 
the difference of longitude, he takes the middie latitude as a course, 
and the departure as difference of latitude, tkm the distance in the 
tabu is dtjference of lon^iiude* 

In this instance, we take 51^ as a course, and m the difference of 
latitude colunm we find 19.6, and the distance opposite to it is 31. » 
which we take for difference of longitude. 

The reason for this is as follows : 
For the longitude we have, 

COS. mid. L : H :: dep. : diff. Ion. (1) 

In the construction of the traverse table, we have, 

COS. course : H, : : diff. lat. : diet (2) 

Now, in proportion (2), if we take the middle latitude for a course, 
and the dep. for difference of latitude ; it necessarily follows, th at 
the last term of proportion (2) mnst be diff. of longitude ; for 
proportion (2) would then be transfonoed bto proportion (jl). 

2. A ship safls from Cape Clear, as follows ; £, by Wl 23 miles ; 
W.S. TT. 40niBes; S. W.\W. 18 miles; IF. ^ JT. 28 miles ; 5. by 
E. 12 miles ; S. S. S. | E. 16 miles. 

Required the course and dtstance made good, and the latitude 
and longitude arrived at 

Ans. Course S. 46'' 47' W. ; dis. 102.4 miles. 
Latitude of ship 60*» 14' N. ; Lon. 11° 26' W. 

S. Aahip at noon, on a certain day, was in lat. 41^ 12' aV., and 
longitude 37^ 21' W^ she then sdled as follows : 

8. W. by TT. 21 m. ; S. W. \S. 31 m. ; W. S,W. \ S.^m.; 
jSr. %E. IB m. ; S.W.^ W. 14, and TT. ^ N. 30 miles. 

Bequired her ooovsa, distance, ktitude, and liHig^dc^ 
Ans. couve 8. WW W.\ dis. 111.7;lat40<'«' JIT.; lan.3d'' 19' 
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4. Lost nooit ire were m latitude 2S* 46' smith, and hafptada 
3S° SO' ireat ; nnee tken we luTe uOed I^^ the log : 

5. W.i W. 6Z m. ; .y. by IT. 16 m. ; IT i A 40 m. ; S.W.\W. 
S9ni. ; A1)7£30m.;uid5. i JP. Umlles. Required the £reet 
coarse and distance, and oar present latitude and kmgitode. 

Aim. Conree S. 43° 14' W. ; Di«. 168 m. ; laL 30" 41' S.\ 

loa. 54' 24' IK 
fi. A ship from Tonloi, lat. 43° T JPI, bn. S° 56, JT., saQed 

5. 5. F: 48 m. ; S. by JT. 34 m. ; jS. tT. J tT. 26 m. ; and E. 
17 mDes. Beqmred her comse and diBtanoe to Fort Hahon, Lat. 
39° Sf iV., and longitude V 18 30" east 

Ans. Lat. of ship 41° Sr JVi ; Ion. 5° 37' east 
Courae to Port U. 8. 31° TP: nearly, and distance 117.6 nuIeB. 

6. On leaving the Cape of Good Hope, for St. Helena, we took 
our departure from Cape Town, bearing S. E. by 5. 12 miles, after 
rannmg JK W. 36 m., and N. W. by W. 140 miles. Requimd our 
latitude and longitude, and Qm course and distance made. 

N. B. Lat. of Cape Town 33° 66' S. Un. )8° 23' S. 

Lat. of St. Helena 16° 66' S. Lou. 6° 43' 30" W. 
Am. Lat. S«° 3' S. ; Lon. 16° 26' E. ; coni«e N. 62° 41' W. ; 
dis. 187 miles. 

BAILINQ in OUBBIITTa. 

If a ship at i?, saili]^ in the direction i).il, WN« in a euirent irtiich 
would cany her from £ to C, in the same time that in stiQ water she 
would safl from B U> J, then, by the joint . 
action of the current and the wind, she would I 
in the same time, describe the diagco^ BD I 
ofthe parallelogram ^£Ci). For her being I 
carried by tlie current in a direction parallel I 
to BC, would neither alter the force of the 
wind, nor the position of the ship.oortbe sails, with respect to it ; the 
wind would therefore continue to propel the ship in a direction 
parallel to AB, m the manner as if the current had no existence. 
Hence, as she would be swept to the tine CD, hy the independent 
action of the current, in the same time that she reached the Une AD, 
by the independent action of the wind on her sails, she would be 
fouitd at D, tiie prant of intersecti<m of the Itnee AD awl CD, har- 
bg mored along the diagonal BD. 
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, Now the log hoared from tbe ship ia the ordmary way» can gtre 
no imitation of a current ; for the line withdrawn from the reel.iB 
Qoly the measure of what the ship sails fnm, the log ; and, eonse- 
qaentlj, as the log itself, as well as the ship, will move with the 
current, the distance shown by the log in a current, is merely what 
it would have been if the ship had been in still water. 

If the ship sail in the durection of the current, the whole effect of 
the current will be to mcrease the dbtance ; but if she sail against 
the current, the difference between the rate of sailing given by the ''^'^ 

log and drift of the current, will be the. .distance which the ship 
actually goes ; and she will move forward, if her rate of sailing be 
greater than the drift of the current, but otherwise, her motion will 
be retrograde, or she will be carried backwards, in the direction of 
the current. 

Problems relating to the oblique action of a current upon a ship, 
may be resolved by the solution of an oblique-angled plane triangle, 
such as ABD, in the preceding figure, where if AB represent the 
distance which a ship would sail in still water, and AD the drift of 
the current in the same time, BD will be the actual distance sailed, 
and ABD the change in the course produced by the current. 

A great variety of problems might be proposed relative to currents, 
but the chief ones of any practical importance, are the following : 

1. To determine a ship's actual course and distance in a current, 
when her course and distance by the compass and the log, and the 
setting and drift of the current, are given. 

2. To find the course to be steered through a known current, the 
required course in still water, and the ship's rate of sailing, being 
known. 

3. To find the settmg and drift of a current, from a ship's actual 
place, compared with that deduced from the compass and the log. 

The first of these cases may be conveniently resolved, by con- 
sidering the ship as having performed a traverse, the setting and 
drift of the current being taken as a separate course and distance. 

JBXAMFLXS. 

1. If a ship sail TT. 28 miles m a current, which in the same time 
earries her N*N.W,Z miles, required her true course and distance. 
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N. B. Conceive lih'e cunentio )>e Due coone and distance, and 
with the other courses find the course and distance made good. 

Hius, by the trayerse table : 



Oottnau 


nil. 

28 

8 


niff.ut 

K. 8. 


■^ 1 w. 1 




7.39 


1 




28 
3.06 


7.39 


31.06 



As 7.39 : rad. : : 31.06 : tan. 76^ 36', the coarse, 
COS. 76^ ZV \R\\ 31.06 : 31.93, the distance. 

2. If a ship sail E. 7 miles an hoar by the log, in a current setting 
E. JSf. E. 2.5 miles per hour ; jrequired her true ooiuRse, and hoiir^ 
rate of sailing. 

Ans. Ck)urse K 84^ 8' E^ and rate 9.368 per hour. 

3. A ship has made by die reckoning iT. ^ IF. 20 miles, but bj 
observation it is found, that, owing to a current, she has aecuaUy 
gone iT. N, E. 28 miles. Required the setting and drift of itiie cur- 
rent in the time which the ship has been ronning.^ 

Ans. Setting K 64^ 48' E,, and drift 14.1 miles. 

4. A ship's course to her port is W. N, TFl, and she is running 
by the log 8 miles an hour, but meeting with a current setting 
W. ^ S.A miles an hour, what course must she steer in the current 
that her true course may be W, N". W^ 

Ans. Course N. ^4P 39' W. 

5. In a tide running iT. W.h W.3 miles an hour, I wished to 
weather a point of land, which bore N, E» 14 miles. What course 
must I steer so as to clear the point, the ship sailing 7 miles an hour 
by the log, and what time shall I be in reaching the point ? 

Ans. Course N, 69^ 61' J^., and time 2 hours 26 minutes. 

6. Erem a ahqj» in a ounraiit, steering IT. & W. B «}» an hour 
by the k^ -a w^ was seen ait 6 in flie evoung, beao^ £. W. ^ S. 
20 mika. Xhe ship was lest on iihs J6<dc ait 11 T, M. Be^piiied the 
setting and dnlb el the onxnent. 

Seltim A "HSP W M,, mA Sift S JI 1 aules jer . iksir. 
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C HA P T E R III. 

MERCATOR'8 CHART AND MERCATOR'8 
SAILING. 

In representing any small pordon of the earth's surface, it is nif* 
ficieatlj Rccurat« to represent the meridians as parallel ; but if the 
portjon of the earth is considerable, the represeutadon will nut be 
true unless the meridians are curved. 

If we niHke a chart and draw all the meridians parallel wich each 
other, the length of a. degree of longitude in all places, exceplon the 
equator, will be greater on the chart tlian its true distance, but the 
true bearing of one place from another will be preserved, provided 
we increase the degrees of latitude in the lamt ratio as the degrees 
of longitude are increased. 

Gerrard Mercator, a Fleoung, in 1556, published a chart which 
aeemed to embrace this idea, but he did uot show its eonstructJon, 
nor were his degrees in their true proportion ; but from this came 
the name of Mercator's Chart. 

A Mr. Wright, an Englishman, in 1699, it is sai'l, published the 
tme sea chart, constructed on the following principles. 

1. TAt ditianee between tviofneridiatu atthe equiU/r.tatotheirdii- 
tanee ut any parallel of latitude, at the raditie U lo the cosme of that 
latitude. 

i. Any part of a parallel of latitude, it lo a lilee jmH of the meri- 
dian, at the radiue it to the tteanl of that parallel. 

We shall make on effort to illustrate these principles hj the fol- 
lowing figure. 

ConceiTe the equator to be extended both ways parallel to the 
earth's axis, thus forming a cylinder, whose circumference is just 
equal to the circumference of the earth. 
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Let ^ be the plane of the equator, Pp the earth's axis ; con- 
ceive a ^obe enclosed in the c^yWoA&e, HLNM. 

Suppose there is an island on the earth at a, that island is projected 
on die cylinder at A. The surface of the earth at i is projected at 
B. Conceive this paper cylinder cut by a line at right angles to 
the equator and rolled out, it vill then be a trae representation of 
Heroator's chart. 

The scale (oi the globe at a is, to the scale on the chart at A, as 
Ca to OA, Uiat is, as radius to the secant of the latitude at a. 

The scale on the chart at ^ is, to the scale on the chart at B, as 
CA is to CB, that is, the scale on the chart mcreases as the secants 
<tf the latitudes mcreose. 

, The poles of iha earth, and places very near the poles, can never 
be represent«d on this chart. 

The meridian distance of a degree on the globe, as at a, is 60 
miles, on the chart at ^ it is 60, into ACih^ secant of the latitude, 
Billing Ca nnitr. 

If we conunence at tbe equator at Q, and take one mile for 
unity. Then, 

Ker. pts. of l'= nat. sec. 1 
Uer. pte. of 2'= nat. Bee. 1-^ nat. sec. Z 
Mer. pts. of 3'= nat sec. )'+ nat. sec. 2'+ nat. sec, 3 
Uer. pts. of 4'= nat. sec. !'-(- nat. sec. 2'+ nat. sec. 3* 
■\- nat. sec. 4', &c., (fee. 

Li this manner the table of uuridioiud partt was originally con- 
itnieted. It is Table IT of this work. 

The following figures represent any problem than can arise in 
Uercator's sailing. 

^£7 represents tbe true dif- 
ierence of latitude. 

.<ii> represents tbe meridion- 
al difference of latitude, which 
is always taken from the table. 

C!5 represents the departure. 

J>E the difference of laoff- 
tade. 
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AB representff &e distance. 

A, the angle at A, represents tlie course. 

Three of these six quantities most be given to ^olve a problem. 

Obaenre that the di£ference of lai^tude PJS Uk alwap gxeatef 
than the departure QB^ as it oiij^t to be. 

XXAlftPLBa. 

1. A ship ftom Cape F!nt8terre» k lat. 49^ B9^ M, and kn^ivcl^ 
8^ 16' W., sailed S. W. | W. tifl her dAffmaee; of leagitwleia 134 
miles ; required Hke diatanee aafled and th« ktitnde m. 

By Icforkhme. As radius 10.0000CX) ' 

: d^. Ion. 134 mSes - « - . 2;1S71Q& 
: : cot. course 4^ points • * - 9.9Bn9& 

: mer. diff. lat. 121.5 miles - - 2.084400 

Lat. Gape Finisterre 42^ 66' i\r. Mer. parts - 285a 

Mer. diff. - 121 



Lat 41^ 27' iT.y corresponding to - -^ - 2737 in table 

As cosine course . • - * ^ 9.827085 
: proper diff. lat. 89' miles t ^ 1:949390 
I : radius - ^ • ^ • .. « 10.000000 

: dis. 132.5 mOea ^ * ^ ^ ^ 2.12Sa(^ 

2. A ship from lat 40^ 41' iT, Ion. 16^ 37' Wi, saSs in the ^. 
JK quarter ^she arrives in lat 43^ 57' i\^, and has made 248 mies 
departure ; required her course, Stance, and longitude m. 

Ans. course If, 51* 41' A, dfo. 916 mSes, and loo. In 11^ IK 

3. How far must a ship sail ^. ^. | B. from lat 44^ 12' ir.^lon. 
23^ W^ loi veaah the pwaM ot 4T^ ^.> and what from tl^t pomt 
wil H a>a \mmf aiai <lUn i. df Ushaat which is in lat 48<' 28* 

Ana^ She mamii sail 4M ndMwand her coarse and distance to 
UdblV* iril tillfemlke if. 80^ 3r Jl., and dis. 535 mOes. 

4. A ah^ fron^ the Cq^ of Good Hope steers JSl i iK 446 miles, 
required W- plaee, and hat ooaiBe, and distance to Eerguelen'r 
Land, m kt 48<^ 41' 8.^ and Ion. 69<>ea8t 
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Ans. lat in 35^ 13' S., Ion. in ftp ^V E., course 8. 66^ 26' j^., 
and distance 2018 miles. 

6. By obsenration, a ship was found to be in lat. 41^ 50' 8,^ Ion. 
68^ 14 E. She then saOed N, E. 140m, and ^ | iS^. 76m; required 
her place, and her course, and distance to the island of St. Paul, 
which is m lat. 38^ 42^ 8., and in Ion. irr 18' E. 

Ans. lat 40<^ 18' 8,, Icm. 72^ 2', course iV. 68° 36' E, and dis. 
263 miles, nearly. 



CELESTIAL OBSERVATiaWS. 



CHAPTER I. 



Wx now come to the more scientific and essential parts of navi- 
gation, the determination of latitude and longitude by cekstial 
observations. 

We shall at present confine ourselves to latitude, first calling to 
mind the following necessary definitions and explanations : 

1. Mkbidiah. — The meridian of any place is the north and south 
line passing through that place, and it may be conceived to run along 
the ground or pass in the same direction in the heavens, through the 
point vertically over the place. The line on the earth is the terres- 
trial meridian, the line in the heavens is called the celestial meridian ; 
they are both in one plane with the center of the earth. 

2. Equator. — The equator is that circle aroimd the earth over 
which the sun seems to pass when the days and nights are equal 
all over the earth. 

3. Latitude. — The latitude of any place is the meridian distance 
of that place from the equator, measured by degrees and parts of a 
degree of arc. 

4. LoNOiTUDB. — The longitude of any place is the inclination of 
the plane of its meridian, with the plane of some other definite 
meridian from which reckoning is made. This inclination is meas- 
ured on the equator by degrees, minutes, and seconds of arc, and it 
is either east or west.* 



*Thefirflt meridian to reckon from may be arbitrarily chosen, and different 
nations liave taken different meridians for the commencement of longitude, but 
custom and long association have pretty firmly fixed the meridian of Greenwich 
(England) as the first meridian for all who use the English language. 
(198) 
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5^ Biea LWA M OM ; — ■> The dediBatioii^ <rf » keaMofy bodj- k its 
meridiaii distance from the equator north or soniii. 

6. PoLAK D39AN0B. — Hie poIiuT distance of a body is its decli- 
nation added to, or subtracted fit>Qi 90^. If both added and sub- 
tractedy we shall hare the meridi^ distances from each pole. 

The distance from the north pole, is calkd north polar distaoeei 
and from the south pole, south polar distance*. The two polar dis* 
tances must of course make 180^. 

7. ZxKiTH.-«> Zenith is the point m Hw hunrena diredijr cnreiD^ 
head. 

8. HoBXzoH. — The horiion is either apparent or real, or as comr 
mooly expressed, tengibU or ratiawd* 

The wMtHe horizon is a plane canoeiTed to touch the eaiih at any 
point at which an obserrer is situated. 

The rational horiaon is a plane parallel to the sensible one, passing 
through the center of the earth. 

The aenith is the pole to tibe horiaon; 

9. Gbxat CmoLBS. — A great circle in the heavens is any circle 
wiioae i^ane passes thxough the center of the earth. 

AH great drdea which pass through the zenith are perpendicular 
Ut tibe horiaon, and such drdes are called vertkal cirde$, azimuth 
ckdeBt.atdrehsqfaUkide. 

10. AaoftUTH* •— The an^ which the meridian makes with that 
verlioal cirde which passes through any object is said to be the 
aaimntfa of that objeet; Hence, azimuths may be reckoned from the 
northor south pointe of the horizon. 

11. Avmxjvm. — The altitude of any object is its angular distance 
from the horizon, measured on a vertical circle.* 

Altitudes are very frequently measured at sea, several times in a 
day in fair weather ; but altitudes observed from the surface of the 
earth, or above it, require several corrections before the true alti« 
tndes can be deduced from them. 

* Wd do not pretend to give all the definUiens of the spberoi but we mf^oa^ 
tbe reader is already aoqnainted with tbeiBt frM& his kaowledge^of Geography 
and Astronomy. 
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These eorreatjotu an for ttnU'dianultr, dip, rtfroe&on, anApandittx. 
The correction for semi-diameter is obrioua. 

At sea, the visible horiion (from which all obserred altitudes are 
taken) is where tlie sea and sky appsreatlj meet, and when the eye 
of the observer is above the water, this visible boriion is below the 
lensiUe horiion, and the amount of the depression is called the dip 
fiht horiion. Its correction is always subtractive, »nd its amount 
is to be found in Table V. 

Be&action is to be fonnd in Table VII. Tt is always Bubtractive, 
and for the reason, see some treatise on natural philosophy. 

Parallax is always additive. Conceive two Hues drawn to a hea- 
venly body ; one from an observer at the circumftirenoe of the earth 
and the other from the center of the earth, the inclination of these 
two lines is paraUaz, and when the body is in the hurison its parallax 
is greatest, and it is then called horiiontal parallax. 

Parallax always tends to depress the object, but tbe paralliut of 
any celestial object, except that of the moon, is so small, that we 
shall pay attention to lunar parallax only, but this is so important to 
navigation that we shall give it a full explanation. 

The moon's horiiontal parallax 
is given in the Nautical Almanac for 
every noon and midnight of Green- 
wich time, and from the horizontal 
parallax we must deduce the paral- 
lax corresponding to any other 
altitude. 

Let AC he tbe radius of the 
earth, A the position of on observer, 
Z his senith, and suppose H^ to be the moon in the boiiion ; tlien 
the angle AHC* is the moon's horiiontal parallax, and the angle 
AhC is the parallax corresponding to tbe apparent altitude hAH. 
Draw Am parallel to Ch, then m^lf would be the true attiludt. 

* Prom thli fi^re we draw the faUuwinlf definition for harizaalal p&nllu. 

Ttt karicoalal parallax ef ami/ hodg ittki angU tnuJmoUeitJbciara-iIiaiiMter ^ 
Ih earA leraU afpear at tetnjhmi that iody. Of conrse then, when the bodjr It 
at ■ gnat diatanea lb horlzoaUI parallax mmt be imatl, luiDce the sua and the 
nmol« ptanets have ver; tittle parallax, and the fixed itan none at all. 
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lelCGT Hid Cft be eadi rqaramited b J J. Piiii»» iba bori^ 
lontal parallaZy and xzss the parallax in altitode^ ok tbe aag^ffutt 

Now hi the ttiangie ACHy ngbt-angled at A, wee baire 

1 : sm.p : : B: AC. 
In the triangle ACh we bare 

sin. CAh : nn. x: : B : AC. 
By oompanng these two proportions, we percefre lltat 

I : SIB. p : : sin. OAk : sm. x 
WbttMMii sin. xss sin. p. sin. CAh 

Ail m.(MlAaB «MkA^J9^ for the me of anj are greater than 90® 
ia eqiwil ln^ttM 9mam of the excess met 90^, beaee, 

sin. :r=^ sin. p cos. A^ J?* 
Umi bnuur heiiMwIal parallax is rarelj ortr a degree, eomflsonl^r 
less, and ^e sine of a degree does not matenal!]r differ from the are 
ftself, hence, the jprece&mg equatron becomes the feUowmg, witbevt 
any essential error. 

Thaliaw jis»^cQs.altiiiMie. 

Oi; ii woidiw 1e psirMaat m oMmir u eptal i^ Ma kmaonUi 
wmUiflmi wdo HW €mn& of ik»mpp$umA9Uibnie (radiiiit 



XXAMFLSS. 

1. Tb a m fai mfl aMh ideof Ae Bwoa'aeeater aflTbgage m acbi d . 
ftr%iiKlnCMamwa9dl<'25';aiid ite borisontal pualkx ai 
thai tilna^ lakea frooa a nantioiBl ahaanac, waaCT' d7"rwhaft waa &• 
earrectionforparaBiBX, and what waa flie true aWtada aa ae«, fnm 



fliaeaalnrQithaeartiit 



I 

i p=67' 87"=3467" k^. - • 3^538690 

31® 26' cos. - - 9.931162 

jp=:49' 10"=:2960 log. - - 3.469861 

Ana. Cor. far pardax. 49^ 10^ 
Trae ^litaie SSP U' W 
2. The apparent altxtode of the moon'a coiler OKa eertaiit 
sion was 42® 17'; and its boriaontal paaallax at the aame time was 
58' 12"; what was the parallax in altituda^ and what was themoon^a 
true altitude? Ans. Parallax in alt. 43' 4" 

True alt 43* 0' 4" 
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Vo otiher exunplea of this kind ue neoessaty, aa they will inciden- 
tally occur in BeTeral places ftirUier on. 

It now remuns to describe the inatrament used for taHug angl« 
at aea. We, therefore, ^ve the fbllowing lUustrationB on the 

aVASItAIlT AND SXZTANT. 

The qoadraat and sextant are essentiaOy the same instnunent, 
and the following is an explanation of the principle on which they 




Let ABC be a section of a refiecdng snr- 
bee, ^.B a ray of light &iUing upon it, and 
reflected agtun in the direction BS, and BD 
apetpendicular at the point of impact ; then , 
it is a well known optictd fact, that the angles 
FBC and JSBA are equal, and that FB, DB, and .£fl are in the 
some plane. 

Agun, if ^ were a reflecting sor&ce, i 
and a ray of light, SB, from uty celestial 
object S, were reflected to an eye at E, the 
image of the object would appear at iSi ' on 
the other side of the plane, Qi% angles SB A 
and ABS', as well as EBO, being equal ; 
and if EB bear no senuble proportion to 
the distance of S, the angles SES' and 
SBS' may be considered as equal ; for 
tbeir difierence, BSE, will be <rf no sensible magnitude. 

Before ve proceed to the direct description of the sextant, ft ia 
neceBsajy to give the following important 



^ Iht taUrior angU of a tnaagU he biteded, and alto one of tha 
interior appotiie anglei, and the hiieeting line* produced until they 
meet, the angle eo formed unB 6e half the other interior <^poeite angle. 

Let ABG be the triangle, and bisect the exterior angle ACD 
by the line CS, and the angle B by the line BE. 

The angle E will be half the angle A. 

Let each of the angles A CE, ECD, be designated by s ( as rep- 
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nsented in the figure ), and 
each of the eqvtH parts of the 
uif^e B by y. Let A repre- 
sent the aDgle A, and JS the 
angle £. 

Now as the sum of the three 
angles of every plane triangle 
is equal to 180°; therefore, in the the triangle ABC, we have 

A+ty+a=im'' (1) 

JUso, in the triangle EBC, we hare 

£-j-y+ (?+.«= ISO" (S) 

.Sobttscting («) from (1) gives ns 

A—I!+y—x=Q (3) 

Whence, A=£+(»~~g) (4) 

But because x is the exterior angle of the triangle £!CB 

x^B-^-y (see Elementry Geometry.) 
Or, (x—y)=£ 

This Tahie of (z — y) aubstitnted in (4) pvea 
A 
A=iE, or E=-^ Q. B. D. 

Another i'eniOTw^u^ton.— Theangle«bemgtbe half of <j(?i> is 
equal to 

A^ 
I 
The angle x is also equal to E-\-y, because it is the exterior angle 
to the triangle EBC. 
Therefore, by equality, 

E=.\A q. M. D. 
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fauna 90° or 1 20°, bnt eneh 
Robul degree of uc u 
gnduted to S°, ud the I 
■pace that ooren 90° » 
real); but 46°, and so <n. 

Tht rtatoa vhy a haff 
iUffrte it counted and mark- 
ed OM a «hoU oM, tM am ' 
eboul to explain. 

AB (7 ia a firm plane •eotor, commonlj made of metal or ebonjr; 
AJ IB a revolving index bar, taming on tlie center A, to irMcli ia 
attached a vemier scale, reTolving over the graduated arc. 

The gradnation oommences tt B. At ^ is a Bmall plane mirror, 
perpendiciilartothe plane of the sector, it is attached tothe index bar 
and revcJTes with it. Thi« is called the index mirror or index glass. 

At £f is another small mirror, half silvered and the other baU 
transparent. This is called the horkoa glass ; it might be called 
the imag* glass. 

The horizon glass must be perpendicular to the iuBtniment, and 
paroMtoAB. 

Nov concdve a ray of light coming from an object S, striking the 
mirror A, the index and mirror being tamed so as to throw the re- 
flecting ray into the mirror H, this mirror agains reflects it toward 
E, and an eye anjrwhere in the line DH will see the nn^e of the 
object behind the mirror S. Conceive the my of light fir>m S to 
pass right through the mirror at A, to meet the line HE; then, it 
is obrioaa that the angle SED measures the angle between the 
object S and its image J). 

Now, in the triangle AEIT, by a little Inspection, it will be fbnnd 
Uiat HL bisects the exterior angle, and AJ, the index, bisects cue of 
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tbe interior opposite angles ; therefore^ by the preceding lemma, tlia 
angle SZA is lialf the angle at E, but as AB and the mirror B aro 
parallel, the angle HLA is equal JAB. ft is obvious that JA^B is 
measured by the arc BJ, or it measures the angle at E, if half de- 
grees on ^C7 are counted as whole ones» which was to be shown. 

A tube^ and sometimes a small telescope, is attach€|d to the bar 
ABy and placed m the direction of the ^e J^H. This is caHe4.tbe 

TH|B ADJUSTMBHY Of THB INSTRUMENT. 

When this instrument is m acyustment;, the two minors are per* 
pedicular to the plane of <iie sector, and are parallel to each other 
when on the yemier coincides witb on the arc. We therefore 
inquire : First 

Ik theindex nUrrar pef2>e$idicidar to the plane of the instrument^ 

The followmg experiment decides the question. 

Put the index on about the middle of the arch, and look into the 
index mirror, and you will see part of the arch reflected, and the 
same part direct ; and if the arch appears perfect* the mirror is in 
adjustment ; but if the arch appears broken, the mirror is not in 
adjustment, and must be put so by a screw behind it, adapted to 
dus purpose. Second* 

Are the mirrors parallel tifhen tke index isatOi 

Place the index at 0, and clamp it &st ; then look at some well- 
defined, distant object, like an even portion of the distant horizon, 
fmd see part of it in the mirror of the horizon glass, and the other 
part through the transparent part of the glass ; and, if the whole 
has a natural appearance, the same as without the instrument, the 
mirrors are parallel ; but, if the object appears broken and distorted, 
the mirrors are not parallel, and must be made so, by means of the 
lever and screws attached to the horizon fflass. ^lu^d. 

Is the horizon glass perpendicular to the plane of the instrument / 

The former adjustments being made, place the index at 0, and 
clamp it ; look at some smooth line of the distant horizon, while 
holding the instrument perpendicular ; a continued unbroken line 
will be seen in both parts of the horizon glass ; and if, on taming 
the ^lstrament fitom the perpendicular, the faorizontaS line con^«e> 
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unbroken, the horizon glass is in full adjustment ; but, if a break in 
the line is observed, tiie glass is not perpendicular to the plane of the 
instrament, and must be made so, by the screw adapted to that 
purpose. 

After an instrument has been examined according to these direc- 
tions, it may be considered as in an approximate adjustment — a re- 
examination will render it more perfect — and, finally, we may find 
its index error as follows :— measure the sun's diameter both on and 
off the arch — that is, both ways from 0, and if it measures the 
same, there is no index error; but if there is a difference, half that 
difference will be the index error, cuiditive, if the greater measure is 
off the arch, subtractive, if on the arch. 

To meaetire the altitude of the sun at $ea. 

Turn down the proper screen or screens, to defend the eye. Put 
the index at 0, having it loose, look directly at the sun through the 
tube, and you will see its image in the silvered part of the horizon 
glass. Now move the index, and the imag'e will drop ; drop it to 
the horizon, and clamp the index. 

Let the instrument slightly vibrate each side of the perpendicular. 
on the line i^ sight as a center, and the image of the sun will appar- 
ently sweep along the horizon in a circle. While thus sweeping, 
move the tangent screw,* so that the lower limb of the sun will just 
touch the horizon, without going below it. The reading of the index 
will be the altitude corresponding to that instant, provided there be 
no index error. 

To measure the aa/igutar distance between two bodies ea the sun and 
moon, or the moon and a star. 

The most brilliant of the two objects is always reflected to the 
other. Loosen the index, place it at 0, and direct the line of sight 
to the brighter object, and catch a view of its image in the silvered 
part of the horizon glass. 

Turn the plane of the instrument into the plane between the two 
objects ; now move the index, keeping the eye on the image, and 

* The icreeni, adjiMtin|r lerews, clamp icrew, and tangent scxew, are not giveD 
la our deaeription criT the inatnunent, it ia not neceaaary to deacribe them; ahould 
we attempt it, theie ia danger that the q»irit and cle a rne a a of the deaeription 
wovld he loat ia the multitttde of woida. 
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bring it along to the other object ; bring them as near as possible, 
then gently clamp the index. 

Hold up the instrument again, in the plane between the two ob« 
jeets, and view one object through the transparent part of the 
horison glass ; and when the instrument is in the right position, the 
image of the other object will appear also in the same field of view, 
and then with the tangent screw, make the limb of the reflected 
object just touch the other, as it moves past it to and fro, by the 
gentle motion of the instrument. When the observer is satisfied 
that he has got the measure as neair as he can. he cries out, 
mark, and his assistants mark the time by the watch, and the alti- 
tudes of the objects are also marked for the same tame, if required, 
and observers are present to take them. 

The first experiments in the use of this instrument, other than 
measuring a simple altitude, are generally failures, but a little prac- 
tice will establish dexterity, skill, and confidence. 

We are now prepared to give examples for finding latitude. 

Let it be remembered, that latitude is the observer's zenith dis- 
tance from the equator, and the nautical almanac gives the distance 
of all the heavenly bodies from the equator, under the name of 
Declination. We can therefore observe our zenith distance from any 
celestial object, and then apply its declination, and we shall have 
our oenith distance from the equator, toAtpA is the latitude, 

BXAMPLXB. 

1. On a certain day, the meridian* altitude of the sun's lower 
fimb was observed to be 31^ 44', bearing south. At that time its 
declination was 7^ 25' 8" south, semi-diameter 16' 9", index error 
4-2' 12", height of the eye 17 feet. What was the latitude ? 

Ans. 60° 38' north. 

, ■ _ _ ■ . ..__■■■._ . I. _ . . . - - .. - . ... - ' , , _L 

* To obtain the meridian altitude of the tun, the observer commences obser- 
vations before noon, while the sun is still rising ; driving the index forward as 
last as the image appears to rise, and there will come a time, a few minutes in 
■accession, in which the image appears to rest on the horizon^ neither rises nor 
ftJIs, but at length the image will fall ; then the observer knows that noon has 
passed, and the greatest apparent altitude will be shown by reading the index. 
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Semi-dimeter J^W 9 

Index error -)- 2.12 

Itefractio^ — 1.31 Table. 

Dip — 4.64 liable. 

Sum + 12'46" 



ir.i. Ait. bib. 
Correction 

Alt. '0 '8 center 



SI044 
12' 46'' 



. • I ' I . f 



Q*R zenith dis. 
Dec. south 

Latitude north 



31 66 


-i ' 

46 


90*' 




68° ?' 


14" 


7^26' 


8" 



500 48' ij'' 

In this example, if the meridian altitiide hJEid been 'o{>served & t%ii 
north, in place of the south, wliat theai would haVe beeli Mhe ob- 
server's latitude t Ans. B'S^ 28' 22" routh. 

We may note the folloiving 

HxjUL-^Subtraa the corrected aJUUwie /rem 90^. Then if the 
observer and the dbfect are both on the same side o/Vie equator, add the 
dedinaiion, but if on different sides, subtract the det^inatidh, and We 
sum or difference will be the latitude of the observer. 

Find the latitude from each of the following meri^an observations: 



1 

2 
3 

5 

6 
7 

8 



•Otjeet 



San L, I*. 
•« L,L. 

Jupiter 
Saturn 
SiriuB 

Sun 17. L. 

SunXbX*. 

Sun L. L, 



Alt. Ob. 

4502T' 
81043* 

730 17' 

82012' 
750 5' 
400 42' 

87029' 
15045' 



Diieo. 



South 

South 
South 
North 
North 
North 
South 
South 



8.1). 

16^5^ 
15' 47" 



16' 17" 
16' 17'' 
16' 0" 



Height. 



20 feet 

14 •• 

17 '« 

17 •• 

18 « 
16 •« 
16 •« 
16 " 



Beclinatioa. 



170 19' 31" S. 
220 13' 7"iV. 
240 10' 13"^. 
120 9' S'^JV. 
U603I' ^- 

230^ s: 

220 y s, 
4043' 6. 



Latitude. 



270 2' 

300.18' 

7022' 

^o 16' 

03O' 
P 1' 

190 50' 

69023' 



I 



2" S 

54" m 

26" ^, 
19" S. 
12" ». 
16" iV 






In this tahle L. L. indicates lower limb, V. L. upper limb, & D. semi 
diameter, N> north, S. south, Direc direction. In these example^ tlie inslru - 
mcnt is supposed to liave no index error. 

flight observations at sea aiie of little yalue, iot jt is yary s^ldoiii 
that the horizon can be defined, unless it is in bright moon-Hght, in 
the tropical climates. 

For this reascm, very few nayigators attempt to find t^e latitude, 
by obseryations oh the planets and fixed stiiirs. 

Occasionally, howeyer, when one of the bright planets, or a con- 
spicuous fixed star, comes to the meridian in the morning or owning, 
twili^t obseryations can be made on them, and the iadtude deduced. 

Some nayigators apply a summary correction to the sun's lower 
limb, for semi-diameter, dip, and refraction, such as is comprised in 
the following table. 



CBLESTIAL OBSERVATIONS. 



& 
y 


Correction la be added to the Obt^vcd AUUude oj Ihe 1 


Sun', Uictr Li>»h, iafind the True AhiUidf. 




Height o( Uis Ky. nlHTH Itic 8e» in ten. | 


_£_ 


_L 


-T- 


-T- 


_1L 


~r 


-^ 


-V- 


_B. 


Jii ="' 


Jl.J". 


33 


Ji 


5 


3J 


3.5 


3.1 


2.8 


3.5 


3.: 


"1 


I.fl 


1.6 




1-0 OR 


0.6 


0.5 


6 


5.3 


4.9 


4.6 


4.3 


4.0 




3^5 


3.3 


3.0 


3.8 3.t. 


3.4 3,3 


3.1 


1.9 


7 


6 4 


G.0 


5,7 


5,4 


51 




4.b 


44 


4.1 


3.9, 3 7 


3.5 3.3 


3.3 


3.0 


8 


7.2 


G.8 


65 


6.3 


5.9 


5.7 


5,4 


5.3 


3.0 


4.8 4-6 


4.4 4.2 


4.0 


3.9 


S 


7.9 


7.5 


7.2 


6.9 


6.6 


6.4 


6.1 


5.9 


5.7 


5.5I 5.3 


5.11 4.9 


4.7 


4.5 


10 


as 


8.1 


7.6 


7.5 


7.2 


6.9 


6.7 


6.5 


6.2 


6.0 5.8 


5,6! S.1 


5.3 


5.1 






8.6 


8.3 


7.9 


7.b 


7.4 


7JJ 


6.9 


6.7 


6,5 6.3 


6 1 1 5.9 


5.7 


5.6 


la 




9.0 


8.7 


8.3 


8.0 


7.8 


7.6 


7J 


7.1 


G-9 6.7 


6.5 6.3 


6.3 


6.0 


14 


9.9 


9.G 


9.B 


a9 


8.7 


8.4 


6.3 


7.9 


7,7 


7.sl 7.3 


7.1' 6.9 


6.9 


6.6 


16 


10.4 


lO.l 


9.7 


9.4 


9.1 


8.9 


8,7 


8.4 


8.2 


8.0| 7.a 


7.01 7.4 


7-3 


7.1 


18 


10.8 


10.4 


10.1 


9.8 


9,5 


9.3 


9.0 


8.B 


8.6 


S.4 


8,2 


8.0 


7.8 


7.6 


7.5 


30 




10.7 


10.4 


10,1 


9.8 


9.6 


9.3 


9.1 


8.9 


8.7 


8.5 


8.3 


8.1 


7.9 


7.7 


9Q 


11 !4 


11.0 


10.7 


10.4 


10.1 


98 


9.6 


9.4 


9.1 


8,9 


6.7 


8.5 


3.3 


8.3 


8.0 


36 




11.4 


11,0 


10.7 


10.5 


10.3 


10,0 


9.7 


9,5 


9.; 


9.1 


8.9 


8.7 


8-6 


8.4 


30 


12.0 


11.7 


11,3 


11.0 


10.8 


10.5 


10.3 


10.0 


9.8 




9.4 


9.3 


9.0 


8.9 


8.7 


35 


12.3 


11.9 


II.6 


11.3 


11.0 


10.7 


10.6 


.0.3 


10-1 


9.9 


9.7 


9.4 


9,3 


9,2 


9.0 


40 


13.5 


13.3 


11.S 


11,5 


11.3 


11.0 


10.8 


10.5 


10.3 


10.) 


9.9 


9.7 


9.5 


9.4 


9.3 


45 


ia.T 


13.4 


13.0 


11.7 


11.5 


11.5 


ll.O 


10.7 


10.5 


10,310.1 


9.B 






9.4 


£0 


ia.s 


13.5 


19.3 


11.9 


ll.B 






10.9 


10.6 


I0.4'l0,3 


ino 


sis 


9^7 


9.5 


55 


13.0 


12.6 


12.3 


12.0 


11.7 


Iht 


Ills 


11.0 


10.7 


10.5,10.3 


10.1 


99 


9.8 


9.6 


60 


13.1 


12.7 


12.4 


12.1 


11.8 




11.3 


11.1 


10.9 


10.6 10.4 


10,3 lOl 


9.9 


9.7 


65 


J3.a 


12,8 


13.5 


133 


11.9 




11.4 


11.3 


11.0 


10.7,10.5 


I0 3;]0.110,0 


9.8 


70 


13.3 


13.9 


13.6 


[2.3 


12.0 


11,8 


11,5 


11.3 


11.0 


10.810 6 


10.4 10.2 


0.1 


9.9 


75 


13.4 


13.1 


12.7 


12.4 


12.1 


11.9 


11.7 


IM 


11.2 


11.010.8 


IO6I1O.4 


0.2 I0.l( 


80 


I3.G 


13.3 


18,9 


13.& 


12.3 


J 2.0 


11.8 


11.6 


11.3 


II.1I1O.9 


in,7ll051».4'10,2) 


m^mj 1 j^ \ F=b. 


Mu. 1 April, 1 Mv, ( 


June. 




-t-O-S 1 +0-.2 


+0'.l 1 0-0 1 -O'.l 1 


— 0',3 




July, 1 Aui. 1 ecpi. 1 Oci. 1 noi. ! 


!«.■=. 


ftmwi,™, 1 -o'.3 1 -fl'.a 1 —O.I 1 4-0-.I 1 4-o',a | 


_+ 


»:iJ 



The most practical method of obtaining th« latitude by ohserra- 
tion, other tiian the meridian altitude of the aim, is by the meridian 
altitude of the moon; but to correct the obscrred aldtade for 
■emi-diameter, parallax, refractjon, and dip, and do it to the utmost 
aeenracy, requires more computation and attention than the mere 
practical navigator is disposed to gire. Moreover, such like accuracy 
is not required in practical navigation. Tolmowthe latitude within a 
mfle is all the ship master requires ; and this can be done in a very 
Bommary manner, by observing the mooa's meridian alicitude and 
n«ng, the following tables, according as the lower* or upper limb 
of Ibe moon is observed. 
■ The Mi^t limb, ii the one obwrved, whether It be the upper m lowar. 
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Than tdilMiiitk^lmt one eonreetloii for Mml-dianiefer, ponllax and reihMstfon 



' 








TABLE I. 








1 




OoBMUtwwB tD \m >Mtd to th» OBUvnof Alhtupe cf Uw Mooa*a IowtMmK | 


PH( lit BOBUOMVAL PAEAUiAZ. | 


Alt. 


W 


M' 


ft6^ 


M"' 


ST' 


w 


SO' 


eo' 


iBl' 


o / 


o / 


/ 


o / 


o / 


o / 


o / 


o / 


/ 


6 


0.59 


1. 


1. 1 


1. 3 


1.4 


1. 5 


1. 6 


1. 8 


1. 9 


8 


1. 


1. 3 


1. 3 


1.4 


1. 6 


1. 7 


1. 8 


1. 9 


1.11 


10 


1. 1 


1.3 


1. 4 


1. 5 


1. 7 


1. 8 


1. 9 


1.10 


1.13 


15 


1.9 


1. 3 


1. 5 


1. 6 


1. 7 


1. 9 


1.10 


1.11 


1.13 


90 


1. 9 


1. 3 


1.4 


1.5 


1. 6 


1. 8 


1. 9 


1.10 


1.11 


95 


1. 


1.3 


1. 3 


1.4 


1. 5 


1. 6 


1.7 


1. 9 


1.10 


30 


0.59 


1. 


1. 1 


1. 3 


1.3 


1. 4 


1. 5 


1. 7 


1. 8 


35 


0.57 


0.59 


0.59 


1.0 


i. 1 


1. 9 


1. 3 


1. 4 


1.6 


40 


0.55 


0.55 


0.56 


0.57 


0.58 


0.59 


1.9 


1. 1 


1.3 


45 


0.51 


0.59 


0.53 


0.54 


0.55 


0,56 


0.57 


0.58 


0.59 


50 


0.48 


0.49 


0.50 


0.51 


0.51 


0.5SI 


0.53 


0.54 


0.55 


55 


0.44 


0.45 


0.46 


0.47 


0.48 


0.49 


0.49 


0.50 


0.51 


60 


0,40 


0.41 


0.49 


0.43 


0.44 


0.44 


0.45 


0.46 


0.47 


65 


0.36 


0.37 


0.38 


0.39 


0.39 


0.40 


0.40 


0.41 


0.^ 


70 


0.33 


0.33 


0.34 


0.34 


0.35 


0J36 


0.36 


0.37 


0.37 


75 


0428 


0.98 


0.99 


0.99 


0.30 


0.30 


0.31 


0.31 


0.39 


60 


0.94 


0.94 


0.94 


0.95 


0.95 


0.95 


96 


0.96 


0.97 


85 


0.19 


0.19 


0.19 


0.90 


0.90 


0.91 


0.91 


0.91 


0.93 


TAB 


Lin. 


kABaOEDOl 


ntolwa 


ppUedto 


0B8EB7XI 




B of the! 

• 


loom's upper limb 








Part 


2lld, BOK 


OOXnAL ] 


>ARAI£AZ 


Alt 


W 


W 


56^ 


M' 


67' 


66' 


W 


60' 


61' 


o / 


o , 


o / 


O ' 


o / 


o / 


o / 


-o / 


/ , 


10 


+0.33 
0.33 


+033 


+0.34 


+0.34 


+0.34 


+0.36 


+0.37 


+0.37 


+0.38- 


15 


0.33 


0.35 


0.35 


0.36 


0^7 


0.37 


0.39 


0.39 


20 


5.39 


0.33 


0.34 


0.35 


0.35 


0.36 


0.37 


,0.37 


0.?8 


96 


0.3Q 


0.39 


0.39 


0.33 


033 


0.34 


035 


0.35 


0.36 


30 


0.99 


0.30 


0.31 


0.31 


0.39 


0.39 


0.33 


0..34 


0.34 


36 


0.96 


0.96 


0.97 


0.97 


0.98 


0.98 


0.99 


0.99 


0.30 


40 


0.94 


0.95 


0.96 


d.96 


0.97 


0.97 


0.98 


Oi29 


0.99 


46 


0.19 


0.99 


0.99 


0.99 


0.93 


0.94 


0.94 


0.94 


0.96 


50 


0.17 


0.19 


0.19 


0.90 


0.90 


0.91 


0.91 


0:91 


091 


55 


0.14 


0.15 


0.16 


0.16 


0.16 


0.16 


0.17 


0.17 


017 


60 


oao 


0.11 


0.19 


0.19 


0.19 


0.19 


0.13 


0.13 


0.13 


65 


0. 6 


0. 7 


0. 7 


0. 8 


0. 8 


0. 8 


0. 8 


0. 8 


0. 9 


70 


0. 3 


0. 3 


0. 3 


0. 3 


0. 3 


0. 3 


0. 3 


0. 3 


0. 4 


75 


-JO, I 


— 0. 1 


— 0. 1 


-.0. 1 


r-0. 1 


— 0, 9 


-.0. 2 


— 0. 9 


— 0. 9 


80 


0. 6 


0. 6 


0. 6 


0. 6 


0. 6 


0. 6 


-.0. 6 


0. 7 


0.7 


85 


0.10 


OJl 


0.11 


0.11 


0.11 


0.11 


0.11 


p.l9 


ai3 


HMe 


htoftbe 


9J9, 






4lt 


9ft. 1 


IMt, 1 


26ft. 1 


afift. 


Dipc 


»f the Hoi 


Abod, 






-a' 1 


-« 1 


-4' 1 


-*' 1 


—«' 



XXAMPLX8. 



1. In longitude about 45^ west, on the 6th of January, 1853, at 
about llh. in the eyening, I obsenred the altitude of the m'oon^s 
lower limb as she passed the meridian, and found it to be 68^ 1ft 
from the south, height of the eye 16 feet. What was my'latittide? 



CELESTIAL d^SERtATIONS. ^ 

after midnight at Greenwiclu 

^fm^^fh^m^ md, urn. 

litmiyiiiiteWi, . . . ..... ss' r 

%|ii^, VpSi^^^ panSu lAtfaettito of obMJNmtiim, 

'Mi^V&iiflpii^ the dih, <N. Almanac), ^l^ir 53" ^. 

•« «• Hik^ df tiie 6th, . . . - aao i& 55** }^ 

"^ iffi^fti%l«ib, . - - ^ - - - i9' 2" 



Hence the dec. at the time of obeervation wa«, . . J9o 52* 43" N. 

We enter table 1/ and nnder the |iarada^, and oj^pasite 14) the 
altitade Wni0ar'i2« «^ can find them. We pekxs^iTe titeiit 37' must be 
about the correctiott for the altitude. 

Whence, Observed alt. X. Z 68*^12' 
Correction, 

Dip. alwa^rs sub. 



+ 


37 


68 


49 


— 


4 


68 


45 


90 




21 


16 


22 


63 



Zeniiiidis. D 
3 *% dec. 

Lat. in 44^ 8' ^Nortb. 

Find the true altitude of the moon's center, in each of the follow- 
ing examples. J!/. £. means lower litdb ; U.'L. upper limb. 

01)i8rTedAlt 

1. 5 L. L. 

2. 5 L. L. 

3. 5 U.L. 

4. 1> L. L. 

5. D TT.L. 

6. ) X. X. 

^ea the weather in^efe' it dbubtful Whether 'meridlin (Jbserva- 
tions can be obtained, navigator's i^sort to dbtlWe ^Ititiides/br to the 
aidtodes of two objects taken at thci iJ^Jhe thne. 'We Stiairbnly'shitlr 



It . 


CLP. 


Height of 
the eye. 


Aub. 
True Alt 


63^23' 


•68' 14" 


14 feet 


64<^ 10' nearly. 


48^68 


60' 27" 


19 " 


49^ 48' " 


67^11' 


64' 30" 


20 " 


67<5 19' " 


63^ 38' 


66'«9" 


12 « 


640 14' i€ 


20© 3' 


64' 14" 


16 " 


20° 32' " 


Ifio ;«' 


60' 38" 


23 " 


170 12' f« 
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the principle on irliiob this meUiod ii fonnded ; it b the appUoalioii 
of Bpberioal trigonometay. 

Let Pk be the earth's aas, Qq I 
tbe eqoEttor. SappoK tbe Bon to be 
tbe object, uid let its poaition be 8 
and T at two different times. 

The elapsed time meastu^s the I 
angle 8PT, Id tbe triangle PTS, 
we hare tbe two sides PT*. P^, and 
the included u^e, from which we I 
compute tbe ride TS, and tbe an 
T8P. 

Subtracting tiie altitades <Sm and Tn from 90°, we bare Z8, and 
ZT, then we have all tbe sides of Uie triangle ZTS, from which we 
ctHDpate the angle TSZ. Subtracting this angle from TSP, ^res 
Its the angle ZSP. Now, in the triangle ZSP, we have the two 
udea ZS, SP, and their included angle, from which we compute PZ 
tbe complement of tbe latitude. 

If the ship swls, during the mteiral between the observations, a 
cfHTeetdon will be required for the first altitude, and such corrections 
are found by the traverse table ; a nautical nule in the direction of 
tbe aun, corresponds to one minute of a degree, to be applied to the 
altitude. When tbe proper correction is made, the result is equiva- 
lent to having both altitudes taken at the last station, and the deduced 
latitude ii the latitude of that staticm. 



CHAPTER II. 

LONGITUDE. 

LoxoiTuni, from celestial observations, is measured by time. - A 
place IB'^ west of another, will have noon one hour of absolatA 
tune lat«r ; If 30° west, the local time, noon will be two honn later, 
Ac, Ac; IS° corresponding to an hour in time. Thereftoe, if we 
have any way of detennimng the times at two places, correspond- 
ing to the same absolute instant, the difference of euoh times will 
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toresponct to the difference of longitude between uie two places at 
the tate of 15^ to an hour, or 4 minutes to a degree. 

A perfect time piece wOl ke^ the time at any particular meridian^ 
and by carrying that perfect time piece with us, by it we can see the 
ilftl lit ^iprahji^ Mi)lVft^ \ tod then if we can ^nd the time at 





)ftrison of these two times will sfive the 
yi^ m Wl^^^al&f iSaSt %, tiie difference between our longitude 
M ^# %%l^^mmm^kiii^, to which the time pi^ce refers. 

, M^fiil&%ii^^^ig& Waves Boston; his watch is a perfect 
JSl^^P^lik^^^^ he travels west on the raU- 

^^|ilL ^ W(i^ y^ ^t %ytb "^iM Boston time ; when it is twelve 
6^^il^.^jy6 ^i^'i)L^^^]t^ W^ Boston, but not so at the place 
llii% W%. ^ "M ^£i ^^ at the meridian of Boston^ 
M, ^^^^^Iteiiictikn c^ j^%, or Buffalo, or Detroit; and 
'^^%kg^^MlJkWA'^ these places, or any interme- 

dial place, tlie local time, compared with the time in Boston, will 
g^e 'the longitude of that locality from Boston, counting one degree- 
for every four minutes in the difference of time. 

Unfortunately, however, there is no such thing as a perfect time 
piece, but some do approximate toward perfection. Such ones, made 
with the great^t ca^ and solely for accurkiby In r^te el'f moiioii, lire 
called chfiriwrMiere ; they are suppoi^ed iJb lieepifiiiie Widiiii certain 
Imotm limits, and in the pkiee 6f jirerfect time k^^pe'ts, ^ey are used 
at sea for finding lon^tude. 

Chronometers show the time at tiie distSEEt plae6^ it then Remains 
to find the time at ship, and tJiis is done most accurately by qpheri- 
cal trigonometry, as will soon appear. 

The sun's altitude is greatest just at apparent noon, but by obsei^- 
vations we cannot define just the nioiixeiit when that 'takes pla^e ; 
hence meridian observations, valuable as they are for faktitudes, lire 
worth nothing for lime, wlien time is to be settled to anything like 
accuracy. 

The best position of the sun (or any other celestial object) 
for an observaticm to find local time, is when it is nesily eidstor irelBt, 
nd Its altitade ttibre than ten degrees. 

In such drcumstances, an observer can find the local time 
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wiOiin 6 01 6 aeoondB, by taking an altitude of the sun, provided h« 
at the ■«"" ■ time knows hia latitude and the sun's polar distance. 

The operation is a beautiful appUoalJon of spherical trignometir, 
and. it is illustrated by the following figure. 

Let Z be the lenith of the 
observer, P the pole, 3 the 
position of the sun, and PS 
the sun's polar distance.* 

When S comes on to the 
meridian, it Is then apparent 
nooni and the angle ZPS of 
the triangle ZPS measures 
the interval from apparent 
noon, at the rate of four min- 
utes to one degree. 

The tide PS is the polar 
distance, the side ZSia t^e co-altitude, and the side PZ is the co- 
latitude. 

Now, in every treatise on spherical trigonometry, it is demon- 
strated as a fundamental principle, that 

The eoiine itf any axglt, of a tpherieal triangU, it «?tMiZ to Ouc»- 
tint t^iU oppante tidt,dimiM*hed by tke rtetangh of tkt eoiinet ofOu 
a^aetnt lidet, dividtd by the rtOaagU (^ the tines qf flu adjaemt 

COS. ZS^-cos. PZ COS. PS 

. That is. COS. P= Ai,.PZAK:P8 

Vow, in place of cos. ZS, we take ito equal, sin. ST, or the une 
of the altitude, and in place of cos. PZ, we take its equal, the sine 
of the latitude. 

In short, let A= the altitude, L= the latitude, and D= the 
polar distance. 

Then COS. P= eo8.Zsin.2> 



• When the oUerver to in tbe nwtitm hembphsre, the poUi dWanM Is 
ewBted ftwB the "trft pole( whenin tha«)Uthetnheiiil*h«e.&oin tUsonlh. 
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From a general equation, in plane trigonometry, we have 

2 8in.> iP=l— COS. P 

Sabstiituting the value (^ cos. P, in this last equadon, we have 

A • • , r» - *"*• -4 — sin. L COS. D 

2 8m.« i P=:l =— : =r 

' COS. L sm. i> 

(cos. L sin. D +sin. Z cos D)— sin. A 
COS. L sin. D 

Byccnnparing the quantity in parentheses with eq. (7), plane 
trigonometry, we perceive that 

« «« a i P sm. (X+2>)-sin. A 

% sm.' * i^= jP-T rr 

* cos. L sm. x> 

Considering (X+D) to be a single arc, and then applying 
equation (16), plane trigonometry, and dividing by 2, we shall 
have 

cos. ( 5 ) sm. ( — !-3 I 

«u«. i p= ^ g y \ g / 

cos. L sin i>. 
But -^+i>-^ _ L±D+A _^ ^^^ ^^^ ^ ^^ ^^ 
2 ■" 2 

„ L+D+A , „, 
o=s 5 we shall have 

^ COS. S sin. (iS— ^) 

sm«. 4 P= — r ' n 

* COS. Z sm. J) 



V COS. Jj sm. /> 
This is the final result when radius is unity, when it is M times 
greater, then the sin. •} P will be JR times greater, and if B repre- 
sents the- radius of our tables, to correspond with these tables we 
must multiply the second member by B, and if we put it under the 
radical sign, we must multiply by B* ; in short we shall have, 

The right hand member of this equation, shows four distinct 

B 

logarithms ; thus, . is the cosme of the latitude subtracted from 

COS. L 

10, which toe shall call coHne complemetit. 
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This ^uatipn fonusli^s ^e fqlfpinii^ rule (oi: Sucl^Qg fQ>]p^nt 
local time, when the s^'s altitude; itf polar distance, and the latl- 
tade of the observer, are ^ven. 

The akiiude muii he olaerved, the latitude must be known, and the 
Nautical Almanac will fiunish the polar distance. 

BuLi. — 1. Add logdherihe altitude, latkvde, and polar distance; take 
the half sum, and frcm ike solid haff- sum subfy^Kf the altitude, thus 
finding the remainder. 

2. Tke logaarithms. Find fh cosing fQfz^j^^em^ of ^ fci(iMe> ^ 
sine eomplemeni of the poUar distance, (/^ Ci^ne qf ike hoif exm, ^and 
the sine of the remainder, 

3. Add these four hgariihms together, and divide 6y 2, M« logarithm 
thus found, is the sine of half the polar angle, or hcdf the s^i's 
meridian distance, 

4. Take out the arc corresponding to this sine, and divide its double 
by \b {oM in compound division in arithmetic), and the quotient will 
be the hours, minutes, and seconds from apparent noon ; and if the sun 
is east of the meridian, tke hours, minutes, and seconds., must be sub- 
tracted from 12 hours, for the corresponding time of day. 

The time shown bj a chronometer or a perfect clock, or rather 
graduation of clocks, is to mean and not to apparent time, and to 
convert apparent into mean time, the equation* of time is given in 
the Nautical Almanac for the noon of every day at Greenwich. The 
amount of it, reduced or modified to correspond tp the time of obseir- 
vation, can be applied to apparent time, and the mean time of taking 
the observation will be determined. The difference between this 
time and the mean time at Gb'eenwich, as determined by the chro- 
nometer, will be the longitude. The longitude i^ be vse^, if the 
time at Greenwich is laie^ in the day, otherwise it will be east 

If the observer is on land, without a sea horizpn, and use^ e, 
reflecting instrument, he must have an artificial horizon. A proper 
artificial horizon, is a small dish of mercury, with a glass roof to put 
over it, to keep the mercury from being agitated by the wind. In 
place of the mercury, a plate of ^olasses irill answer. In still calm 
weather any clear pool of water is a g^K^ iju-tificial boriason. 

In either of these, the reflected image of the object appears as 
much below the horizon as it is above it, and ]bo measure the altitude, 

* For the theory of equation of time, fee works on atifroaomy. 
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the image reflected by the mirror of the instrameat must be carried 
to the image in the artificial horizon ; half of the angle shown by 
the index will be the apparent altitude. In using an artificial hori- 
zon there is no dip, other corrections are to be applied according to 
circumstances. 



BZAMFLBB ITKDBB THE PBBOBDING BULB. 

1. Being at sea. May 20th, 1823, in latitude 43^^ 30' N'., and in 
longitude about 20^ west, I observed the altitude of the sun's 
lower limb, and found it to be 32^ 4' rising, when an assistant 
marked the time per watch, at 7h. 43m. A. M. ; height of the eye 
16 feet What was the true mean time f 

Just before the obserration, the watch was compared with the 
chronometer in the cabin*, and found to be 1 hour, 21 minutes, and 
12 seconds slow of chronometer. 

On the 8th of May, the chronometer was 3m. 7s. fast of Greenwich 
tame, and gaining ls.6 daily. What was the longitude ? 
O flf. P., - 



Dip., - 
Ref., - 

Conection, • 
Observation, 

Alt O center. 



+ 


15' 49" 
3 56 
1 30 


- + 

33 


10 23 
4 


. 320 14' 23' 



Watch, - - - - 
Diff., 

Face of chron. at ob.. 

Error 3m. 7«., increase of error 

in 12 days 19t., whole error, 

Greenwich time, 



B. x. 8* 

7 43 
12113 

9 413 



3 36 



- 9 46 

At noon on the 30th of May, 1833, the snn's declination, by the N. it., was 
190 53' 18" north, increasinff at the rate of 30".6 per hour, and the time of 
taking the observation was 3 hoars before noon at Greenwich ; therefore, tha 
declination most have been 190 50' 47" N. 



Altitude, 


330 14' 33" 






Lat, 


43 30 


COS. com. 


.139435 


P.P., 


70 9 13 


sin. com. 


.036603 



8. 



3 )145 53 36 

73 56 48 
33 14 33 



(&-ii) 40 43 35 



cosine 



sine 



310 58' 8" sin. 



9467353 



9.814363 

3)19.447657 

9.733828 



• Chronometers shonld never be, and by careful persons, never are, taken out 
of their places during a voyage. 
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310 SB'S" 
2 



7 


44 


15 i 


— 


3 


51 


7 


40 


34 


7 


43 






Sm.36f. 


9IL Om. 46f. 


7 


40 


S4 



lt3o srirs: 4&. Ite. 45t. 
12 

Apparent tiiiio» - • • 7 44 15 A. M. 
Equation of time N, A, 

Mean time at alilpy • 
Watch, .... 

Watch too feat, ... 
Time at Greenwich per ohron.. 
Time at iliip per obeervation, 

Diff.« 1 SO ^2==30o 5' west Ion. 

2. August lOtb, 1824, in latitade 54"" 12' north, at 5h 33m per 
watch, height of the eye 18 feet, I observed the altitude of the 
nin'8 upper limb 16^ 50' flBlIing. My chronometer W£^s 2h 20m 
378 £Ei8t of the watch ; and on the 7th, the same month, the chro- 
nometer was 40m 29.4s fast of Greenwich time, gaining 7/^ seconds 
daily. What was the error of the watch, and the longitude per 
chronometer f 

Prq>araiUm. 

Time per watch ^ 5&. 33iBi. Ot. P. Itf . 

Diff. per chron. - - 3 20 37 

Face of chronometer - 7 53 37 P.M. 
Chron. fitst (whole error) — 40 52 

Greenwich, mean thae, 7 .12 45 P. M. 

On the 10 of Angnst, 1824, the snn'a declination at noon, Greenwich time, 
was 15^ 32^ 14" north, decreaaittg at the rate of 45" per hour, aa R^iyen in tl»e 
Nautical Almanac The decrease for 7f hours mast be 5' 34"; whence, the 
declination at the time of observation, IS^^ 26' 50" N., and the polar distance 
740 33' 10". 



Observed altitude - l€o 50^ 00" 

Semi-diameter, N. A. - — ^15 48 

DipandRef. • • —7 20 

True alt center - - l&> 26' 52" 



Equation of time, per N. A., Aug. 
10, 1824, was - - 4-5iii.2s. 
Hourly decrease |^s« — ^2 

Equation at ob. • - 5in. Os. 



We now leave. the problem to be worked through by tl^e pupil, giving only 
the answer. 

Ans. Watch slow of local mean lame, Sm 27s, 
Longitude by chronometer, 24** 4' 30" west 

3. When it was 6h Om 21s, P. M., mean tune, at Greenwich, by 
my chronometer, I observed the altitude of the sim's lower limb to 
be 30*^ 17', in the afternoon of January 12th, 1862. At noon our 
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latitude^ by a meridian obsenratioii, wai» 2r 47' aorth, and smoe 
that tune we have made 11 miles of southing, by the log. The 
dip was 4', and semi-diameter 16' 17". What was the longitude by 
chronometer ? 

Sun's DecUnation Jan. 12, '52, at noon, G. T. - 21© 44' 10" aonth. 
Hoariy decrease, per N. A., 25", giving - —2' 30" 

Declination at the time of obaeiration • • 21^ 41^40" aoutk 
Equation of time at noon, Greenwich • • -(-Sm. 25*. 
Hourly increase/^ of a second, making - - 6«. nearly 

Equation at time of observation (to add) - -i^m. 31s. 

Were we sure that pupils would have access to aaatical ^m^nv^ w would 
give neither declination nor equation of time. 

Ans. Lon. 46® 9' west. 

4. On the 16th of January, 185^1, wten my chronometer showed 
llh 2^7m 41s, A. M., for the mean time at (Greenwich, I observed the 
altitude of the sun> lower Umb and found it 32° 21' rising, height 
of the eye 16 feet, latitude 0** 41' south. What was the longitude 
by chronometer ? 

By the N. A., the sun's declination at that ttme was 21^ 2^ 30^' south, and 
the equation of time 9m. 53s. additive. 

Ans. Lon. 44"* 39' west. 
K. B. — Time at any place, is bni the difference between the 
right ascension of the meridian and the right ascension of the sun ; 
and to find the time from these two elements, we always subtnust 
the right ascension of the sun from the r^^ ascension of the men* 
dian, increasing the latter by 24 hours; to rendur subtraction posar* 
Ue, when necessary. . 

The right ascensions of the stars are given; and thei^t ascen- 
aion of the sun is given, in the Nautical Almanac, for the noon of 
every day in the year, Ghreenwich time. Now, if we can find the 
meridian distance of any known star, by observation, we can estab- 
lish the right ascension of the meridian, and, consequently, the local 
time. Hence, we can find longitude by comparing the chronometer 
with the altitudes of the stars, as the loUowing example will illus- 
trate. 

5. If on the 8th of March, 1 8££. whtm my chronometer showed the 
Qxeeiiwich time to ba 7b 2Sm Ss, P. M;, I found by observaUon, 
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that the trae altitade of Sirias was 37^ 52' west of the meridian. 
My latitude was 32^ 28' south. What was the time at ship, and 
what was my longitude ; the elements for computation being as 
follows? 

1. Bight ascension of the star • - 6 A. 38m. 38«. 

2. Decimation of ihe star 16^ 31' south 

3. Bight ascension of tlie sun - - 23A. 17m. 25^. 
By means of the triangle we find. 

The meridian distance of the star - Sh. 40m. 58«. 
To which add -M- 's B. A., because ^ is west 6 38 38 

Bight ascension of the meridian 

Add 

Subtract the B. A. of the sun 

Diff. is apparent time at ship 

Equation of time, add • - - • 

Mean time at ship • - • 

Time at Greenwich «... 

Longitude in time • • . . 

=67** 44' east 

N. B.— When the chronometer remains in the same place for a 
week or more, its rate can be determined by comparing if with the 
observed altitudes of the sun, taken from day to day. In different 
climates the same chronometer will have different rates, and on re- 
turning to its original station it will frequently resimie its original 
rate. 

For azimuths, and variations of the compass, see page 106. 
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7 


22 
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CHAPTER III. 

LUNAB OBSEBVATIONS. 

A GOOD and well-tried chronometer is a valuable and reliable 
instrument for finding the longitude at sea, during short runs ; but 
still it is but an instrument, and is not one of the reliable works of 
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nature. Near the end of a long yo jage, the best o( qhronometern 
Teiy frequently give false longitude, and in such cases, good nayir 
gators always resort to hinar observations, which from the handb of 
a good observer, can be relied upon to within 10 or 12 nunutes of a 
degree, and they usually come within 6 or 6 miles, and sometunea 
eyen more esiact^ but that is accidental and unfrequent. 

To comprehend the theory of lunars, we must call to mind' the fact 
Ifiat ihe niobii mOY^ through the heavens, apparently among the 
stars, at the rate of m<Nre than 13° in a day, and any angular dis- 
tance it may have from the sun or any star corresponds to some 
nwmetii of Greenwich time. 

About three days bef(»re and after the change of the moon, she is 
too near the snn to be visible, but at all other tunes, her distance 
firom the sun, some of the larger planets, and certain bright fixed 
stars, called lunar stars,* which lie near her path, aie computed and 
put doitn in the nautical almanac, for every third hour of mean 
Greenwich time commencing at noon. For any particular day, the 
distances are given to such objects only, east and west of her, as 
will be convenient to measure with the common instruments. 

The distances put down in the nautical almanac, are such as would 
be seen if viewed from the center of the earth ; but observers are 
always on the surface of the earth, and the distances thence observed*, 
must always be reduced to equivalent distances seen from the center, 
and this reduction b called working a lunar, which is generally the 
highest scientific ambition of the young navigator, j* 

The true distance between the sun and moon, or between a star 
and the moon, can be deduced from the apparent distance by the 
application of spherical trigonometry. 

The moon is never seen by an observer in its ime place, unless the 
observer is in a line between the center of the earth and the moon* 
Ijiat is, unless the moon is in the zenith of the observer ; in all other 

* There are nine lanar stan» Arietis, Aldebaran, PoUaz, R^^Iub, Spica, 
Antaree, AqiUlao, Fomalhaitt, and Pegari. 

t Many naTigators, both old and young, dbed all their efibrtslo knowing how 
to do, without attempting to comprehend the reasons for so doing ; and this the' 
world eaile praetiGBU, — a complete penrenion of the term. On the other 
baifed, «oiBe meil of the ieltooliii speiiid their eaergiee in metajphysicai' nothiioga, 
splitting hain in logic, and calling it fcientifio ; this ife equally a penrenidn. 
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positions, the moon is depressed bj paraDaz, and appears nearer to 
those stars that are below her, and forther from those stars that are 
above her, than would appear from the center of the earth. There- 
fore, the apparent altitades of the two objects, most be taken at the 
same tame that thdr distance asnnder is measured. The altitades 
must be corrected for parallax and refraetioii, thus obtaining the 
true altitades. 

The annexed figare is a general representatioo 
of the triangles pertaining to a lanar obsenration. 

Let Z be the senith of an observer, ST the 
apparent place of the son or star, and S its tnie 
place. Also, let m' be the apparent place of the 
moon, and m its trae place as seen from the cen- 
ter of the earth. 

Here are two distinct triangles, ZS'm\ and ZSfo, The apparent 
altitades subtracted from 90^, give ZS^ and Zm,', and S'm! is the 
ngppareiU distance ; with these three sides, the angle Z can be foimd. 
Correcting the altitades, and sabtracting them from 90^, will give 
the sides Z8 and Zm ; these two sides, and their included angle at 
Ir, will give the side An, which is the true dutance. 

The definite true distance must have a definite Greenwich time, 
which can be readily foimd ; and this, compared with the local time 
deduced from an altitude of the sun, will of course give the Umgitude, 

We shall now make a formula to clear the distance. 

Let 5'=the apparent altitude of the sun or star, 
and i9=:the Ijne altitude. Also, 
Iiet m'sthe apparent altitude of the moon, 
and m sthe true altitude. 

Observe that the letters with the accent, indicate e^arerU, and 
without the accent, the true altitudes. 

Put d to represent the apparent distance, and x to represent the 
true distance. 

Bear in mind, that the sine of an altitude is the same as the cosine 
of its zenith distance, and conversely, the sine of a senith distance 
is the same thing as the cosine of the corresponding altitude. 

Now, by the fundamental equation of spherical trigonometry noted 
hi Uie last chapter, we have 
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7 eot. if — Ain. S* 11x1.111' . ,^ ^^ ^-^.co*. «— rin. 5 tin. m 

iS=S ; • AIM COB. Mi^ I • 

eo0. ST COS. m . cos. S 

Whence *— <^'*^ °' ^ "^' "'^^cofc ap~rin. g ■In. f» 
COS. iST COS. m' cos. S cos. m 

By adding nnlty to each member we have 



I I COS. <t— sin, y sin, m'^^ , « cos. « — sin. S sin. m 



COS. S' COS. m' cos. S cos. m 

(cos. Sf COS. m'—dn. g sin. m')+cos. rf __ (cos. 8 cos. »»— sin. S tUmmy^-etm. » . 

COS. iS' COS. m' ^ COS. 5 cos. m 

BSf observing equation 9, plane trigonometry, we perceive that the preceding 
I equation lednces to 

COS. (y-4H>')-Ho»* ^ ^co'*' (^4-"*)+ ^^^ * 

cos. iS* COS. m^ COS. 8 cos. m 

Whence cos. *=(cos. (flr-|-m')4-cos. rf) ^°**f ^^'^ —cos. (S^-m). 

COB. ST COB. fit' 

It is here important to notice that the moon's horizontal parallax 

I given in the Nautical Almanac, is the equatorial horizontal parallax; 

that is, it corresppnds to the greatest radius of the earth. The 

diameter of the earth through any other latitude is less, and of 

course the corresponding parallax is less. 

' We therefore give the following table for the reduction of the 

equatorial horizontal parallax, to the horizontal parallax of any 
other latitude ; it is computed on the supposition that the equatorial 
diameter is to its polar as 230 to 229. For example if the horizon^ 
tal parallax in the Nautical Almanac is 55' — , in the latitude of 40^ 
the reduction would be 6", and the parallax reduced would be 
54' 54", and if tbe parallax from the Nautical Almanac were 60' 
the reduction would be6^^6,and reduced would be 59^ 53".4. 

The semi-diameter of the moon given in. the Nautical Almanac is 
her horizontal semi-diameter, but when she is in the zenith she is 
nearer to us bj the whole radius of the earth, about one-sixtieth 
part of her whole distance, consequently she must appear under a 
hurgerand hi^r angle as she rises from the horizon, and this is 
called the augmentation of the semi-diameter. 

We give the reduction for the parallax ; and the augmentation for 
the semi-diameter in the following tables : 
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isa. "'iT'i^r 


ao® 


0".9 


I" 


26 


2 .8 


3 


30 


3 .7 


4 


36 


4 .6 


6 


40 


6 .0' 


6 .6 


46 


7 .3 


8 


60 


8 S 


9 .4 


66 


10.1 


11 


60 


11 


12 


66 


11 .8 


13 


70 


12 .8 


14 


76 


13 .9 


16 


80 


14 .6 


16 



^SSS^^I^^ 


▲ffcAlt Aug. 


6<^ 


r 


12 


3 


18 


6 


24 


6 


30 


8 


36 


9 


42 


U 


48 


12 


64 


13 


60 


14 


66 


16 


72 


16 


90 


1 16 



We now give an example ahowing all tbe detaila of find&g the 
loogitnde by a huoar obsenration. 

BXAMPLX. 

Sappose tbat on the 26(h of January, 1862, between three ahdXour 
o'clock in the afternoon, local tune, the observed distance between 
the nearest limbs of the son and moon was 60^ 3' 20'', the altitude 
of the sun's lower limb was 20^ T, and of the moon's lower fiinb 
48® 67', height of the eye 16 feet The ktitude corrected for the 
run from noon was 34® 12^ J^, and the supposed longitude about 
66® west. What was the longitude ? (the Nautical Almtoac being 
at hand.) 

8 ISP.lf. 



SnppoMd time at ihip, 
Sappooed longitude 65 



4 20 



Stippoaed time at Greenwich, 7 25 P. M\ 
Oh theSMret neon the N. A. gfrei the #'■ 9. 1>. at 14' 47', aadat midiiigltt 
at 14' 45" 7 \ thcraftne at the time of olMer?attott ws take itat 14'4<r, byaltt^ 
inapeetieii. In the iaoe •omflMsy manner we take tin Eqiiaterial h<iartsontal 
parallax at 54' 12". 

14' 46"]i)'a Eq. hor. par. - - 54' IST 
• • 12 IRed. for lat - • • - 4 



%^% iemi-diameter, 
Avgfor Alt - 

0*a tme 5. />. • 
Obaerred distaaoe, 
Sun's & D. 
Moon's 5. />. 



14* 58''|Reducea hor. par. • • 
50O 720^' \h\X^^hh 4»>Sr 

D's 8. D. 14' 58" 
Dip — 3 56 

Appaient oeatni dis. 50o 34' 9€'s=^ D's app. alt 49^ 8* 2"i 



wr 



16 16 
14 58 
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Alt 0'> lower L 

Semi-diametor, 

IMp, 

O'b app. alt 

RefractioDt 

0*> tnie alt 



SOO 1' 
^-IC 16 
— 3' 56" 



w 



2(K> 13' 13"=^ 
— 2^34" 

30O 10' 38" S. 



N. B. To find the moon'a parallax in 
altitade see problems on pace 201. 



#'sapp.alt 
. Parallax in alt 
Refraction, 

True alt 
(/Sr+m')=69o 21' 14' 



i)'a app. Alt 490 8* 
54' 8"=3248' 

36' 2"=21S0 



490 8* 2" 
35' 20 



oca. 9.815778 
log. 3.511616 

3.326394 



I// 



490 42' 35": 

(5+m)=69° 63' 63". 
We are now prepared to apply the equation to compute the true 
distancoi The equation requires the use of natural sines and 
cosines. 

COS. «=(cos. (>Sr+m')+cos. d) co8'gco6.m_^ .^^ . 

COS. 8' COS. tn! ^ ' 

(/Sr+m')=69«> 21' 14" N. cos. .36269 

- d=»60<> 34' 34" N. cos.* .63449 

.98708 log. —1.994360 

iS=20® 10' 38" log. cos. 9.972496 

m=49<> 43' 16" log. cos. 9.810678 

iy=20O13' 12"cos.c<Hn. 0.017626 

m's:49<' 8' 2" COS. com. 0.184228 

Num. .9766 1 log. —1 .989278 

=sum less 20.f 
N. cos. ( 5+m)=69«> 63' 63" —.34369 

True distance, 60^ 48' 29" cos.63192 

In the Nautical Almanac, we find that at 6 P. M. mean Green- 
wich time, (m said daj, the true distance between the sun and moon 
was 49<» 69' 26", and at 9 P. M., the distance was 6r 20' 49", show- 
ing a change of 1^ 21' 23" in three hours of time. But the change 

*When<l is greater than 90^ its cosine becomes m^niii, and its numerical 
Talne is then the natural sine of the excess oyer 90^. Thus if d were 105^, its 
cosine would be numerically equal to the sine of 15^, and must then be subtracted 
from the cosine of the sum of apparent altitudes. The result (cos. x) would 
then be the sine of the excess over 90^. 

f Less 20 because the table of natural sines is to radius unity, and we used 
S and 00s. m to the zadius of 10, making two tens to take away. 
15 
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fixmi 49* 69' 26" to 60*^ 48' 29" is 49' 3" ; and now on the suppo- 
sition that the change is in proportion to the time ( and it is verj 
nearly ), we have the following analogy 

lo 21' 23" : 49' a'' ::Sh.:t 
Or, 4883 : 2943 : : 3 : U. 4di7k 29«. 

That is, the time that this observation was taken Ih 48m 29s after- 
6 at Greenwich. Or, 7h 48m 29s mean Greenwich time. 

With the true altitude of the sun 20° 10' 38", the latitude 34° 
12', and the polar distance 109° 0' 48", we find the apparent time 
at ship 3h 10m 6s, to which we would add the equatbn of time, 
12m 34, making the mean time 3h 22m 39s. 

From the Greenwich time 7k, 48m. 29*. 
Sab. time at ship - - 3 22 39 

Giving Ion. in time '- 4 26 60=66° 27' 38" FT. 

West, because the time at Greenwich was later in the day. 

If a lunar is taken with a star, or with 1^ sun, when the sun is not ' 
in a proper position to depend: upon its afiStcuis fer local time, the 
time must be noted by a watoh, and the difference between the watch 
and true time made known, by a previous or subsequent observation 
on the sun, or some star which is nearly east or west of the observer. 

The most material part of working a hinaris that of clearing the 
distance. We, therefore, give the followii^: eacamples, without the 
little incidental details. 

We show the working of one in which the distance is greater 
than 90*". 

The apparent distance between the <;ei^t! of die sun attdmoMi' 
on a certain, ooqasion, was 98^ 12' ; the apparent altitude of the 
sun's center was 64^ 10', and. of the v^qonx's 20° 37' ; the moo^'ft 
horizontal parallax at thf) same time waa &T 12". What was the 
true d^tance? Ans. 97<' 26' 10" 

H<»iiOBtal par. 67' 12^'»3432 log. 3;632647 
jMtW^Sr cos. 9.971 266< 

Farallaz m alt 63^ 31'=^32ll log. 3.686803 



r 
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3's app. alt. 20° sr 
Refraction —2' 31" 

Parallax +63' 31* 



app. alt. 64° iO' 0' 
Refraction 



3's true alt. 81° 28' 

(iS'+m')=74° 47' (/S^hh): 

Nat. cosine 74° 47' ia +.26247 
<f=:98° 12' Nat. COS. u —14263 



•s true alt. 64° 9' 20* 



Algebraic sum 
5=64° 9' 20^ COS. 
m=21°28' COS. - 
iS^=64° 10' COS. complement 



i20° 37' cos. complement 



.11984 log. —1,078602 

9.767691 

- 9.968777 
0.232626 

- 0.028744 



8am (rejecting 20) ^-^1.076^39 
This log. cor^responds . to +^ M 9 1 9 

— N*t. COS. (5+»^)=co8. 76° 37' 20" —.24832 

COS. «=coe. 97° 26' 10" —.1 29 13 

N. B. The last Nat. cosine having the minus sign shows that 
the corresponding arc must be greater than 90°. To find the 
arc we conceived .12913 to be plus, and £>und it oorreq)ohded 
in the table to the Natural sine of 9° 26' 10", and to thisvwe 
Udded 90° for the result. 

KZAMPLB8 FOB PBAOTIOX. 



No. 

1 


▲]>. alt. of ran 
or a fixed star. 


Moon'ti^t. 
altitude. 


Apparent een- 
tral diatanoe. 


Moon'fi 
hor. par. 


True 
distaacas. 


O 86 3 


O / 

39 18 


O / // 

46 46 


63 61 


46 426 


2 


« 29 47 


67 22 


27 36 


60 3 


28 8 24 


3 


O 31 14 


28 7 


14 21 SO 


64 29 


14 9 24 


4 


O 60 6 


63 12 


61 3 21 


68 30 


60 41 16 


6 


9|e 34 28 


10 42 


49 18 38 


61 11 


48 46 39 


6 


O 8 26 


19 24 


120 18 46 


67 14 


120 1 46 


7 


* 43 27 


40 9 


18 21 36 


60 20 


18 8 12 


8 


)|c 63 13 


67 32 


60 13 49 


60 62 


69 48 12 


9 


O 72 26 


18 30 


81 2 28 


60 68 


80 9 33 


10 


60 33 


9 26 


70 36 16 


69 67 


69 49 12 



t28 NAVIGATION. 

The foregoing method of clearing a lunar distance is rery 
goody as an educational exercise, but for practical use, it is ob- 
jectionable, as the equation requires the use of natural sines and 
cosines. To ensure a complete understanding of this important 
subject, theoretically and practically, we will further transforiu 
the equation 

cos. «=(C0S.iS'4^'+^^'^)-— TTT-^^^^—? — coB.(S-{^m), (1 ) 

cos.o cos.m 
and adapt it to the use of logarithmic sines and cosines. 

ConceiTing (S'-^^) to be a single arc, and applying equation 
(17) (page 50), to the first factor in the second member of (1), 
we shall have 

eOB.Xsss (£) 

ft <iOB,^(S ''\ 'in'-^)coa,^(S''\'m' — cf)cos.i9 cos.m ,a . x 

COS. 5' cos.m' T^J 

By equation (32) (p. 61), we find that cos.jrs=:l — 2sin.*}«. 

By eq. (31) (p. 61), cos.(iSr4-m)=2cos.«J(5+m)— L 

These values of cos.d; and cos.(iS^-4-m)' ph^ced in (2) will giye 

COS. iS cos.m' 
-fl— 2c08.»|(/S-fm). 

By dropping the units in each member, and dividing by — 2, 
we have 
Bin.*ia?=s (3) 

cos,'K^4^)-^^'*^^'"'^^"^^^^^^f'*^^^:^''^^^^^ 

ooB.S cos.m 
By division, we obtain 
sin.* i» _ 



cos.»|(5+m) 

^ coB.i(S''^^^'^)ooB.l(S'']^^d)coB. S ^^ m (4) 

COS.* ^K^-|-m)cos.<S' cos.m' 
Assume 
Bin 1 p— cos.j ( 8*'^'-{-<l)coB,^(S*'{^ — d)coB. S cos.m ^c\ 

COS.* J(5^-4'-m)cos./ff' cos.m' 
Calling F an atmliary arg, equation (4) now becomes 

oos.*^(<84-in) 
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BecauBe sin.*P4'<50s.*P=l, cob.* Pssl — ain.'P. 
Whence — ^E^jf_,«ooB.«P. 

By extracting square root and clearing of firaotionSf we bare 

8in.}«sssC08.P C08.|(iS4-1»). (6) 

Equations (5) and (6^) are plain and practical, they can be 
easily remembered, and they are adapted to logarithms. 

Equations (6) and (6) can be put in words, and called a rule, 
but in our opinion this is not necessary. 

We will now re*compute the last example, in which 

S'^&4?^ 10', iS^a=64** 9' 20*, m'=s20^ 37', m«=21® 28', 

d=:98^22', (5'+m')=:74**4r. 

K5''4-m'4^)sB6^ 29' 30r cos. (less 10) —2.786704 
|(5'44n'— rf)=: 11037' 30» COS. " —1.991000 

5=64^ 9' 20* COS. « —1.767698 

in=:21® 28' COS. —1.968777 

i(5-|-m)=37^ 48' 40* cos. complement 0.102364 

*coB. complement 0.102364 
i9's=54^ 10' COS. complement 0.232525 

m'ssftOP 37' COS. complement 0.028744 



Add 


2)— 2.980076 

—1.490038 
10 


sin.P 129 ff r 
COS.P 9.978208 
oos.i(iSr-{-m) 9.897636 


9.490038 


sin.i^rs: 9.875838= 


r48^ 42' 25* 
2 



True distance, 97** 24' 50* 

The two methods do not gire the same result precisely. But 
this one is the most reliable of the two. 

* The preceding log. repeated to obtain the square of the last quantitj. 
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It is comparatively ah ^asy matter /to conduct 'a survey, or navigate 
a vessel, when there are no important difficutties to bb bvercdme ; 'but 
the true test of knowledge or skill' in ^any ptirsiiit,T8^to be found only in 
real adt^rsity. The 'mariilisr wllb'feucciBAiiiiliy iiMinj[«biiiBHiUp 
every thing is provided, when all4B'in order/ Ah^^thttVeatker ftit^able, 
is deilefviiig df little credit ; but let the'shi)) b6c6me^isabled, and the 
storm terrific, and then there is bcq^ for tile exercise of every neces- 
sary acquirement, and its kindred talent. 

So it is with the man of science ; 'when every instrument is at hand, 
and all in order, it requires little skill, and but -common knowledge, to 
make observations and experiments ; but when we reverse the case; the 
tact, knowledge, and ingeAuiQr of the man, may oft times more or less 
overcome the difficulties. 

For instance, suppose it were necessary to find the altitude of the sun, 
for the purpose of finding the latitude of the place (on shore), or for the 
purpose of finding the time ; and we had no sextant or quadrant, and in 
fact, nohntrament to measure angles. It could be done approximately 
as follows : 

Let a plumb line be suspended in water ; bcve a knot fn the line, and 
let the knot be at a known xBstance above the Vi^t6r. The knot will 
cast a shadow on the water ; nieasure the distance of this shadow from 
the plumb line. The knot and ii£s shadow, with the plumb line and 
water, will form a right angled triangle, and the angle at the base, com- 
puted by plane trigonometry, will be the altitude of the sun's upper Hmbf 
and this altitude may be used for any purpose, the same as if it were 
measured by a sextant, but the accuracy is not to be depended upon, for 
the want of delicacy in the instrument. 

A person on shore having a good watdi, mod kabwing his- ktStude, 
can regulate his watch, or at least determine its rate and error for a 
abort period of time. Then, if he have a nautical almanac, the common 
tobies of logarithms, and a knowledge of spherical trigonometry, and a 
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CQirrapopdvig \flpaf^9'igo of aHtronomy^ bp can find dip longitnde by^ ^ 
lanu obHemtjoD, 1D1M411I a eeztant, u foUojrs: 

^; the maaiw. of Im' wtitcfa ud » plumb line, h^ 'ffUl be alfle to.ranfa 
odt «v ^uptwFMtMft meridian lifiB. Ha ^iU i,h^a9)^i^fitbQ.iiVWts,^ 
BUra, and of the moon acrow tliAt metidua. tajun; Utpog qUfiB^hidi 
are at tliat time near the moon's meridian, some to the east ^d aome. to 
the west of the moon, end some more n<»lh, and others more south 
ttian the. moon. 

£(e viU W>tf t))A di;Sbrenee in time, between tii? trana)t of etcl). efar 
and the moon, across hia approximate meridian, and by ^ combisatioOf 
orradiercoropviMMiof thesAol^erT^ioBSjh^willbeable to determine 
the moon's li^t ascensioa T^ry haw);. By the mooii's ri^t aspe^- 
sion, and the aid of the. outicBl iJi^^Ui. ho can find the (jreennfi^b 
time. 

The Qreenwicb time, compared with the h>cal time, will give the 

When we can find Um ntpon in a vertical plane with any two fixed 
Btaifl, and it be at the time the moon chan^ her declination very 
slowly, so that we can depend upoi^ a decUnatiop, t«l^n from. Aft aaati- 
cal almanac for the supposed time, we can then determine the moon's 
ri^t ascension, and from thence die longitade as betiwe, whether we 

Ship-wrecked marinn^, and tiavelen similarly situated, hare ire- 
qnently resoTted to these artifices to obtain their approxbnate locaHties. 

We have frequentiy remarked in the com^e of this work, that the 
best position of a celestial object, at the time of taking its altitude, for 
the purpose of more exactly defining the time, is when the object it 
BMvly east m west ; we now pgcepose to slton; this condusively, and 
&«^i>N giv« the following 



7b jIffJ u^dBT uAof cinforutanea, in a given iatityie^ a wuiU m^ttake in 

dbtening or correcting tht aUiiude of a c^atiai object, wiU prodvoe the 

molfest error in Me funs oompuledfrom it. 

Let Z be the tenith, P the pole, r the sepposed place, end m the true 
place of Ae object Let ms be a parallel of altitade, join the points m 
waA f^ snd let p; be the vc ef the eqfwtoe 1 ~ 
contained between the meridians Pm and 
Pr. j 

^len as Pm and Pr are eqoal, wtr may 
W •awMqnd m • m^U pntion at « iw^ 1 
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altitude, and pq the measure of the required error in time. And as the 
■ides of the triangle nur will necessarilj be small, that triangle may be 
considered as a rectilinear one, right angled at s ; and because the angle 
Prm is also a right angle, the angles Mtnr and PrZ, being each the com- 
plement of mn, are equal to each other 

We now have, 

m mri: sin. smr {ZrP) : rad. (1) 

Alsoy mr :jp9 :: COS. ^ : rad. (2) 

Multiplying these two proportions together, omiting the common 
foctor mtf giTOSy 

n ipq : : cos. qr sin. (ZrP) : (rad.)* (8) 

But, sin. rP or COS. ^ : sin. rZP : sin. ZP : sin. (^ZrP) (4) 
Whence, cos. qr sin. ZrP=sin. rZP sin. ZP (6) 

The first member of equation (6), is the same as the third term in 
proportion (8); therefore, proportion (8) may be changed to tiie 
foUowing^ 

rs ;^ : : sin. rZP sin. ZP i (rad.)* 

Whence, / r»(rad.)M i 

' "^\ sin. ZP /sin. rZP 

Now, as the quantities in parentheses are supposedtabe constant the 

▼alue of w, the error in time must vary as —. varies ; and it is 

^ sin. rZP 

obrions that pq will be ktutt when sin. rZP is grttUegt^ that is, when 

rZPssWPf or the object due east or west 

Again, we can come to a like result, more directly and ele- 
gantly, by the direct application of the differential calculus. 

Let P2^ be the spherical triangle, from which time, or the 
angle ZPr, is computed. This angle will rary as the altitude , 
raries, ZPand Pr, the co-latitude and polar distance, being con- 
stant fi)r any small portion of time. 

Let A represent the son's true altitude, L the latitude of the 
obserrer, J) the sun's polar distance, and P the angle at the 
pole, included between the meridian of the obsenrer and the 
meridian of the sun. 

Now, by a fundamental equation in spherical trigonometryt 
we hare 

^^p^iAn.A-^m.L co8.2> (gee page 214.) 
C08.Z 8in.2> \ ^& / 

Now the altitude of the sun. A, varies every instant, and this 

Foot of what is now p. 230 in Ap. to Sorv 
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CMiiii ^ ifrim of ^ tQ yury, ]>n^ fi nii4 ^ ftw cf^w^p^, 
tlMilfttet tti dPftreay4 of th^ above equation will be. 

ilrti Ml At tifl»gl« iPV we h%ve 

§§|9.^ : ua.P : t aia.2> : siii.^. 

r> C08.^ sin.Z /A 

This yalue of Biii.jP pIlEkcad in (1) will giT6 

008.^ sin.Z « n eo8.^<^^ 



8in.2> cos.Zsin.i^ 



Beducing, we find ^ 

cos.Z sin.Z 

Now as C0S.Z is a constant quantity, the value of — dP, or 
the second member, will be least when sin.Z is greatest. That is, 
when Z is a right angle, and the sun due east or west of the 
observer. 

The minus sign before dP shows that when A increases, P 
decreases, which is obviously true at all times. 

When £-=^0, that is, the observer on the equator, the residt 

dA 
will be — dP=—, — -, and, if we suppose the sun^ also, o^ t%f^ 

equator, it will all the while be either east or west of the ob- 
server, and then -^-^Ps^dA ; that is, the time and altitude would 
then have eqtud variation, 

LUKAB OBSBBVATlOZrS. 

The differential calculus will apply most betfitifiilly to the 
clearing of lunar distances from the effects of parallax and re- 
fraction. 

In this case we must regard the difference between the true 
and apparent altitude of the moon, as a differential quantity, 
and the refraction of the sun or star a differential quantity, and 
the difference between tiie true and i^paren^t distance is a .eor- 
rection sought, and it is alsp to be regarded as ^ differential 
quantity. 



i 
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Let ZS'm' represent the observed triangle* 
The observed center of the sun or star is at 
8\ but the center really is at 8, The ob* 
served center of the moon is at m\ the real 
center i : at m, as seen from the center of the 
earth. 8 W is the apparent distance, but thA 
true distance is Sm. 

Let 8ss^ the apparent altitude o the sun or star. 

mas the apparent altitude of the moon. 
And xss the apparent or observed distance S'm\ 
Now by spherical trigonometry, (see piage 223 of this book,) 
we have 

^ _ » cos.jp — sin./9sin.m /-% 

COS.Zss~ -^ • 111 

cos.ocos.m 

In this problem the angle Z is always a constant quantity, S 
and m are variable, and x varies in consequence of the variations 
of 8 and m. But we may take these effects separately. That 
is, by supposing m only to vary, and discover the corresponding 
variation for x. Then we may suppose 8 to vary, and obtain the 
corresponding variation to x ; and lastly, these two effects put 
together will be the total variation for x, or the difference between 
the apparent and true distance between the sun and the moon 
or a star and the moon, as the case may be. 

We will therefore differentiate ( 1 ) on the supposition that x 
and m are variables. 

That is, d, cos,Z coa.8 cos.mssd. cos.^— <f. sin.iS^sin.f?i. 

Or — coB.Z COS. ^ sin .m dm^s — sin.a: dx — sin.S cos.m dnk 

sin.jE— - =cos.Z cos. ^S^ sin.m — sin. 8 cos.m. ( 2) 
dm 

Tix x«/«\_: fw a cos.« — sin.iS^sin. m 

But equation ( 1 J gives cos. Z cos. 0= . 

cos.m 

Multiply by sin.m, then 

cos.« sin.m — sin. /8^ sin. 'm 



cos.Z COS. 8 sin.m= 



cos.m 



This value placed in equation (2), that equation becomes 

•^ ^dx cos.a: sin.m — sin.^sin.'m „. a^^ ^ 

SiQ^ — ^^ — g^'^ '>» cos.m. 

dm cos.m 
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Or 0O84n8iii4r~.ss0O8uPBin.fit— -sin.^sin.'m — 8in.i8^oo8.'m. 

am 

asoo8^ 8iii.m — sin. 5(8iii. 'm-f-oo**' ^}* 
But (nn.'m-f-oo8.'m)a=:l. Therefore 

008.m Bisi^.j^=scoBJf 8in.fi»— -sin. j8L 
dill 

Or ^fc^/co8^siii.m--Biii.gW .3. 

\ C08.m8m.d! / 

Now if we suppose that » and 3 are the variables^ in pkce of 
» and m, the resnlt will be the same as (3) if we change j9 to m 
and m to & 

Therefore /co»>^ sin.J^-sin.mX^^ .^ ^^^ ^^j^^ ^^ ^ ^^^^. 
\ cos.oBin.a; / 
ponding to the yariation of the son or star's altitude. 

The apparent place of the moon is below its true place, and 
the apparent place of the sun or star is aboye its true place, 
therefore dm and dS must haye contrary signs. Consequently, 
the whole yariation of «» when both S and m yary, (as is always 
the case,) must be 

jr _, / co8.ag sin.m — sin. ^^ Yy /cob.x sin. iff — 8in.m \| ^ ^^% 
\ cos.m6in.jp / \ cos. 6> sin.;? J* • \ ) 

When the sun or star is at the senith, {dS) is then nothing, 
and the yalue of (£r is expressed by the first term of the second 
member. When the moon is in the zenith, then (dm) becomes 
nothing; but in practice, such cases would not be likely to occur, 
once in a life time. 

We will work the fourth example by this formula : 

Qiven^ the 9un*s apparent altitude 60^ 6'. The moon^e apparent 
aUUude 63^ 12'. The apparent distance 61^ 3' 21% and the moan's 
horizontal paraUax 68' 30*, to find the true distance from center to 
centsTy as seen from the center of the earth.* 

Ans. 50<* 41' 16\ 

* Oorreetion may be made for tke figure of the earth by eorrecling the 
parallax for the latitude of the obaenrer, as shown in table on page 3SM. 



Here 5=60^6', m=63^ 1^, r=51^3'21\ 

3 b. p.=68' 3(rs=361(r, log. - - S.545307 

COS, m ' 9.654059 

Parallax in altitude +1582^ - - 3.199969 
Refraction —29'' 



iAns-|*1553" dUSfs — 3f** sun's refraction 



For the coefficient of dm, 

Binm — 1.950650 cos.ni — 1.654059 

C0B.a; —1.798351 sinuv —1.890843 



«>*"p MnMamMrvrar- 



.56108 ~1.74900jL '-^IM^Qf 0^ 

N. sin.iSf— .86675 



—.30567 log. » -t ^ i.^l.4<5265 Nun», 

—1.940363 

dm 1653 log. • ^ <. S.1»11T1 

First part of dx —1364^, - - 8.131 534 

For the coefficient of dB» 

m.3 —1.937895 qq^,S —1.697874 

cos.jp —1.798351 sin.jr -^1.89Qa49 



+.64480 —1.736846 — 1.588717 P#^ 

N. sin.m — .89259 



—.34779 log. ... —1.540078 Hfun. 



r ' n - 



—1.951361 
dS^-S^ log. +1.506160 

28''6 1.456611 

Whence <fe«P— 1364''+28''6— —22' 6" 
Apparent distance, 51° 3' 21" 

True distance, 60^ 41' 1 B" 

The equation ^ 

» ^ {coe.g s in.m — sin./S^) , /cos.g sin. S — sin.f»\j « 
coBjnsinjr \ cos^^^inj; / 

eaa h^ pnt into another hrm, whi^h irill better miit the iMBteft 
of mere {wactieal men, and a^oid the use of nahnrai mM$, 
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\ C0S.i98in^ / 



Aflsnmo coBJfBbkjnssBbxJL, and oos.« 8iii.iSsss8in«^, and 
determine the yalues of A and B. Then we shall hare 
^^(Bin.J-Bin.g)^ 
cos.in Bin.^ 

The first term of the second member will be plus or minus, 
according as ^ is greater or less than 8, The coefficient of dS 
is positire, when B is greater than m. But (dS) is always nega- 
iiye ; hence, the product will be positive or negatiye, according 
to the rules of algebraic multiplication. 

By the application of equation (16), page 50, and diyiding by 
2, the preceding equation becomes 

ide=: 

cos.i(^-|-5)sin.| (AyyyS) , eo8.i(B+m)8iDi.i(Bsy?m) ^ ^ 
cos.m BmjB cos. 3 sin.^ 

This equation, put in words, would be a rule for clearing the die* 
iance, but those who comprehend it, can follow it as readily with- 
out the word8,as with them. We illustrate by a single example* 

The lign w/) indicates the differenoe between the two quantitieB between 
which it is placed, when it is not known which is the greatest 

XZAMPLX. 

Suppose that m laHhtde 46^ north, the moon^s apparent aUitude 
teas 36^ 28', and thai of a planet 24^ 43', and their apparent die- 
temce oMunder was 71^ 46' 24". The moon*s horkontal parallax at 
that time was 68' 3^, and that qf the planet 29"; what was the true 
distance as seen from the center of the eartht 

PBXPABATIOir. 

Q)*s hor. par. 6S' SV 
Table, page 224, n 

58' 23'3=:3503.3 log. 3.544477 
cos.3's alt. 36® 28' 9.905366 

3's parallax in alt. 2817* 3.449843 
Befraction - —77 



dni=:2740r 



log., aa' l.A6«359, 
Cob. 24° 43' 9.968^71 



Parallar in Ah. ^-SG^S 1.499969 
Kefraction^ ^ ^mmlfik 



V ■ «t» i - ' BU W ^ 



Ifor the auxiliary arcs A an4 Si 

coBJf 71° 46' 9.496388 - n - 9.496398 
8in.m 36° 28' 9.774046 sin. /ST 24° 43' 9.621313 



A top 49' 9,269434 Jt f^V 9.tWm 

S 24° 43' m 3e°28* 



tit ' >i.f"-> ' 



|{i84^^)»17° 4Sf i(nk^Ji)r^%l'' &! 

We now follow ih« fQnDnlm 



Ist Term, 
cos.J(iS4.^) 17° 43' 9.978898 
sin4(5— -4) 7° 0* 9.086894 
COS. compl.m 36^ 28' 0.094634 
sin. compile 71° 24* 0.023298 
dm 2740* 3.437761 



2nd Term. 
cos.V(m+^) 21° 69' 9.967217 
sin.lfm— ^) 14° 28' ^.3^7621 
co8.comple. 24*43' 0.04172^ 
sin. comple. Tl°* 24* e.0«32W 
cW _97"f l.»8»8^6 



(Less 20). — 4irS 2.620476 



WKr-^mmiBamn. 



+26*29 1.419760 



The first term is minus, because A i» less Ifo^ A VfA tbe 
second term is plus, because it contains tb^. proJMt Pt tilfo 
minus factors^ (sin.^ — sin.ni} and dS; 

Whence ^iF=^..^17J3-f2^''3^r-^991'' 

Or *?=»— 78r= - - —13' 2* 

Apparent distance, ... ri^ 4flL' 24' 



wciHinrrrMrr 



True distance, .... 71° 33' 22" 



mpvi 



• In computing the coefficients, seconds of arc need not be noticed. 



"W^ ^¥b fli)d fdllmHiig^ ^atnpk^ of B!iifilti(M H>9twef)dn the 



-■""' — . ]■ 



hkK. 



K^ 



iUrih 



.1 ...^^^.^ 



rmi t II ■nWMi I ifciifcitt*afcfc.^Mdaii— <fah— Mfc. 



Moon's Appft- 
lOBt AltUodo. 



— l-TiIiAi 



1 

i 

3 
4 



6 « 

68 ^6 



PlanofkAp- 
puofttAlt. 



iMMJiNkJL 



80 
16 
50 
62 



i^K- 



4 
'26 
14 
il£ ( 



o 

16 

S6 

2d 

61 

38 



23 
30 
41 
3 
87 



MoOB*s Dist. 
fiom PUaot. 



«-■- 1 rij-nirli iiibiMfa 



69 37 20 
60 4 S 
98 16 St 
40 & 
a7 60 341 



Moon*9 Bm. 
PmlUx. 



PluMt's 
PonUax. 



*i 

66 

Hi 

6(1 
66 



■^w 



SB- 
^60 f 



31 

-so 

^6 



Tim 

DlitaiMO. 



'^O I* 



^ 



69 40 30 
69 68 "57 
97 45 4 
99 44 42 

91 68 14 

ft 



^In'^he fbrepAtt of this voliakio, we liiiVe ishbwti 'tibe pradtidQ 
uses of logarithms, using the common tables, 'lfichi()hejttend only 
to six places of decimals, and this is sufficient for all common 
purposes. But for those who desiire to be 'more nice and accu- 
rate, we haye computed a table extending to twelve decimal 
places, including the consecutive niunbers from 1 to 200, and 
'Aom thie^icis, the prinoe 'aujubelrs as Jar M 1648, ti^tker with 
the AuxQiaiy LogarUhfM of unity, and ItlfrttOtioQ as^tow W ^tbe 
dumber LOOOOOOOOOI. 

In these logarithms the index is omitted, as k^isHOt is^MsHt^ 
^wfaeii one liiaa'0bt&itaed the true ttedry of k^tithttfti. F)»r in- 
stance, the log. of the number 28 hilii ^^ee*#talb debiliial piirt, 
*^hich must remain the same if tfa^tnumber be ehangeH to-!2.8, 
•dr to .28, or to 280, i&c. Ao^, and aecordhig to the Value of 'tl» 
2 and 8, the operator <will pretx t^ index. 

To fiftake a table ^f logarithms aiiew,<^to e^iit^ln at^ -ptfftidular 
ttlitnber of deointal plaees, l^e following f6MEula, -tak«ti fiiMH 
algebra, is thid^tooet praeticMd and c^ity^^kttt «f tAy^3^^ 

l<?g.«+.8686889638^-1^4r-r..-JL.^ +,; ] , \kQ. 

This formula will give the log. of (2^-f-l) when the log. of n 
is known, but the log. of j9 is known when we make 2^=1/10, 
'100, 1000, kn. Then the formula will give the 'logarithms oY 
2, 11, 101, 1001, <fec. 
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When g is large, over 100» the series converges very rapidly, 
and then, only two terms need be used. When z is over 
2000, only two terms need be used, even for twelve decimal 
places. 

The auxiliary logarithms, A, B, O, page. 71 of tables, were 
computed by this formula. For instance, the log. of 1001 is 
the same in its decimal part as the log. of 1.001. Hence, when 
we have the logarithms of 1001, 1002, 1003, d^c, we have the 
logarithms of 1.001, of 1.002, 4c. 

The greater the number the more readily can its logarithm be 
computed. 

That the learner may fully comprehend the application of 
these auxiliary logarithms. A, B, (7, he must call to mind the 
following principle : 

(Art. 14.) Theprodtut of any number of factors covaishng of 
unUy and a small fraction, i$ very nearly equal to unity, and the 
eum of those fractume. 

Thus the product of (1.0001), (l.(H)002), (LOOOOdd^ is very 
nearly equal to 1.000123. 

If this be true, we can immediately separats 1.000123 into 
the same fiictors. 

The number 1.00021 may be taken for the'pi^uct of (1,00004) 
(1.00017), without any material error. 

Or (1.00021) may be taken for the produce of 21 &ctors, each 
equal to (1.00001), with very little error; and if this be true, 
1.00001 is the 21st root of 1^00021 very Ofi»rly. 

This principal may be proved algebraically thus : Let a, h, 
and c, be very small fractions, then the product of ( 1-}*^) • ( ^H^) 
is \'\<L-\4h\-ab, as we find by actual multiplication. 

But a and h being very small fract'ions, their product ab is 
extremely small in respect to a or 6, and therefore ab may be 
omitted, and the essential part of the product is l-)--a-|-5, that is^ 
umty and the sum of the fractions. 

Now let (o-M) 1>® '» *^d the product of (l+«) into (l+ci 
will be 1 I g I c ; that is, the product of (l-f-<^) (1*4^) (14~0 
cannot be &r from 1-j-a | ^ | c. 
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Let 118 tiy this in nitmbers. Multiply 1.0001 by 1.00004. 

1.00004 
1.0001 



100004 
1.00004 



1.000140004 
But this value is extremely near 1.00014, (he 9um ofunky and 
ths fractumal parts of (he factors, 

(Art. 15.) When the difference between two quantities of 
the same kind is rery small in relation to the quantities them- 
selves, such a difference (in the higher mathematics) is some- 
times called a d^erential. 

Thus/in the last example, the difference between 1.000140004 
and 1.00014 is .000000004, and it is so small in relation to 
1.00014 that it may be omitted without sensible error, and it is 
then a practical differential. 

The difference between 8 and 9 is 1, but in this case 1 cannot 
be a differential, it is too large. 

The difference between 80000 and 80001 is 1, and here 1 
might be taken as a differential in some practical computations, 
and therefore omitted. 

There is no exact line of demarkation where a difference may 
be taken for a differential ; that depends on the nature of the 
case ; hence, those who distrust their own judgments are gener- 
ally prejudiced against the calculus. 

If we take the logarithmic formula from (Art. 13,) and con- 
ceive 2; to be very large, then the difference between (^-f-1) and 
z is one {very small), and may be regarded as the differential of 
z: and in that case log.(2;4-l) — ^og.z is the same as the differ- 
ential of the logarithm of z. 

Making this supposition, the formula in (Art. 13) becomes 

(dif.) log.»=0.8686889638xi^^- . 

We take but one term of the series, because the following 
terms are of -no essential value compared to the first, and as z lis 
very large, (Zz-^l) is comparatively so little greater than 2z, 
16 
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that for aWpracHeal purposes, it may be taken as 22, and tlien the 
preceding equation will reduce to 

(.;f),.C,- 0-484m4819(dif.> ^,j» 

Z 

The symbol (dif.) signifies the differential of the quantity 
which follows it, and this equation, put in words, gives the fol- 
lowing rule to adjust a logarithm to correspond to any particular 
number. 

Bulb. — The dlffererUial of a logarithm U equal to the differential 
of the number multiplied by the modulus, and the product divided by 
ihje number. 

When we wish to find the differential of a number corres- 
ponding to a given differential of a logarithm, we change the 
equation to the following : 

(dit)z^-<^9h?±, (2) 

^ ^ 0.4342944819 ^ ^ 

This gives the following rule to correct a number : 

Rule. — The differential of a number is equal to the number i»«/- 

tiplied into the dfferential of the logarithm, and that product divided 

by the modulus of the system. 

The practical use of equations (1) and (2) will be found in 
the following 

SXAMPLBS. 

1. When the diameter of a circle is 1, the circumference is 
S. 141 59265359. Find the logarithm of this number true to at 
least ten decimal places. 

The number being between 3 and 4, the index is 0. During 
the operation we shall pay no regard to the index of any loga- 
rithm we may take out, because it will not be necessary. We 
may consider the number to be 314 and a decimal, or we may 
take the whole for a whole number, but it is best to take 314, 

• This equation is found ;n the differential calculus, thus : dxss — — , an 

9 

equation in which « is a logarithm, y a number, and m the modulus. Here 
then, rough and practical as our equations appear to be, they exactly coin- 
cide with the most refined theory. 
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Hbs three euperior digits, as a whole number, ti^ateifer the number 
maybe. 

Table III. commencing on page 67 of tables, and the auziliarj 
logarithms following, are the log. referred to. 

314=167X2. 

Log. 167 . - - 

Log. 2 - - - 



0.196899662409 
. 0.301029996664 



Log. 314 
Table B, 1.0006 log. 



0.496929648073 
^ 0.000217092970 



Product, 3141670 log. - 0.497146741043 
Table 0, 1.000007 log. 0.000003040047 

2 199099 
314167 



Product, 314169 199099 log. 0.497149781090(a) 
Given number, 314169 266369sss 



DiflF. 66260=r(dif.>. 

We have log. (a) the logarithm of a number very near s, so 
near, that the difference may be called a differential ; therefore 
we may use equation (1). 

(dif.) }-E ^■-( Q-43429448)(66260 ) 
^ ^ ^ 31416919909 9 

But we may take common logarithms to reduce this second 
member. In that case we have only one log. to find, as the log. 
of the modulus is constant, and (a) may be used for log. of g. 
log. 66260 .... 4.821261 
log. m - - - - —1 .637784 



log. g 



4.469036 
11.497160 



Num. 0.000000091696 

To (a) - 
Add dif. of 



—8.961886 

0.497149781090 
0.000000091696 



Kum. 3.14169266369 log. —0.497149872686 Ane. 



■ 

1 



t44 
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The fiictor 1.0006 was obviouB, but the otiier fector 1.000007 
may not be so, — the question then is, how did we obtain it? 
It wadtiius: 

d.l4157jr==S.14159265359( 

Whence ar= 1 .000007+. 

S. I%c sidereal yiMr coimsts of 365.2563744 w^an solar day 9. 
What is tht lofforiikm of this numberP 

If we take the four superior figures, 3652, as a whole number, 
and &ctor it, we shall find that it is equal to 44*83. Hence 



Lo?. 
Log. 



44 
83 



- p.6434526764fi6 
0.919078092376 

■ 0.662530768862 

.00004.3427277 

21712704 

1737173 

. 2.662697646016 (a) 



Log. 3662 ... 

i 1.0001 log. (B) 
1.00006 log. (0) - 
1.000004 log. (C) f. 

366.2562408 log. - 
366.2663744 giyen number. 

.0001336 differential. 
We obtained the above factors by solving the following equa- 
tion : 

3662a;s=r365.2563744. 
Whence a?=1.000164, (Art. 14,) (1.0001) {K00006} (1.000004). 

To correct (a), and make it exactly correspond to the given 
number, we have the following expression : 

dif. w.=i£i21!?ll!Kl336)^. 

^ 3652562408 



By common logarithms. 



Num. 0.000000168600, 

To (a) 
Diff. 

Log. sought. 



log.m — 1.637784 
log. 1336, 3.125806 

2.763690 
log. a 9.662597 

—7.200993 

- 2.662697646016 
.000000168600 

. 2.662697804616 
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3. When the radius of a circle is \, the natural sine of 7^ 30' 
if expressed by the decimal 0.1305261921. What is the logarithm 
qf this nuniberP 



Log. .13 
Log. i:004 



Product .13062 
J 1.00004 log. 
Factors h. 000007 log". - 
(1.0000004 log. 

Log. sin. of r* 30' (Rad. unity,) 
For the common table, add 



- 0.113943362307 
0.001733712776 

0.116677066082 
- OOOJ 1737 1430 
3040047 
173716 4(n) 



—1.116697660276 
10. 

9.116697660276 



Log. sin, 7° 30', for table. 

By the foregoing, the reader will perceive that the logarithm 
of any number can be found by these tables, true to at least ten 
places of decimals. 

We are now prepared to take the converse problem, that is : 
Oiven a logarithm to find its corresponding numler. 

BZAMPLBS. 

1. What number corresponds to the log. 4.636747619487? 

C!omparing the decimal, with the decimal logarithms in the ta- 
ble, we perceive that it corresponds to a number which is a little 
greater than 433 ; but as the index is 4, the real number must 
be a little greater than 43300. Let this be one factor of the 
required number, then 

From the griven log. 
Subt. log. of 43300 - 

Log. 1.0006, tabled. 

Log. 1.00009, table (7, 
Log. 1.000007, Uble (7, - 



4.636747619487 
4.636487896363 

0.000269623134 

217092970 next less 
in B. 



.000042630164 
39083266 



3446898 
3040047 



406861 
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.000000406851 
Log. 1.0000009, .... 390861 9(n) 

15990 
Log. 1.00000009 • - - 13029 S(o) 

2961 
The product of these small fiicton is 1.00059793. (Art. 14.) 
Multiply this product hj the &ctor 43300. 

Or which is the same things 

Multiply 100.059793 

By 433 

300 179379 
3001 79379 
40023 9172 



Apprmdmate number^ 43325.890369 

But the last remainder in the logarithm (2961) may be taken 
as the differential of a logarithm, and corresponding thereto is 
a difierential of the number, which must be added. 

It is found thus : 

Diff. of the nnmUT^i^^^^K^^99?^). 

.43429448 

By log. log. 43325 - - 4.636747 (the giyen log.) 
.000000002961 - - —9.471438 



kl08J85 
Log. .43429, *c. —1.637784 



Correction 0.0002954 log. — 4.470401 

Approx. num. 43325.890369 

Num. sought, 43325.8906644 

XZAMPLBS. 

1. What number corresponds to the log. 2.204923118054? 

Ans. 160.29616. 

2. What number corresponds to the log. 4.133409102? 

Ans. 13595.93. 

3. What number corresponds to the log. 3.2789020746? 

Ans. 1900.64967. 



LOGARITHMIC TABLES; 



ALSO A TABLE OF THX 



TRIGONOMETRICAL LINES; 



AND OTHEB NEOESSABT TABLES, 



• 






LOGARITHMS OF 


NUMBERS 


noN 






1 TO 10000« 




N. 


Log. 


N. 


Log. 


N. 


W 


N. 


Log. 


1 


0000000 


96 


1 41^78 


61 


1 707670 


76 


1 880614 


3 


801030 


37 


1 431364 


63 


1 716003 


77 


1 886491 


8 


477131 


38 


1 447168 


63 


1 734376 


78 


1 893096 


4 


603060 


39 


1 463398 


64 


1 733394 


79 


1 897637 


6 


696970 


80 


1 477131 


66 


1 740363 


80 


1 903090 


6 


778161 


81 


1 491863 


66 


1 748188 


81 


1 908486 


7 


0846096 


83 


1 606160 


67 


1 766876 


83 


1 913814 


8 


903090 


88 


1 618614 


68 


1 763438 


83 


1 919078 


9 


964343 


84 


1 681479 


69 


1 770863 


84 


1 934379 


10 


1 000000 


86 


1 644068 


60 


1 778161 


86 


1 939419 


11 


1 041898 


86 


1 666803 


61 


1 786330 


86 


1 934496 


13 


1 079181 


87 


1 668303 


63 


1 793393 


87 


1 939619 


18 


1 113943 


88 


1 679784 


63 


1 799341 


88 


1 944483 


14 


1 146138 


89 


1 691066 


64 


1 806180 


89 


1 949390 


16 


1 176091 


40 


1 603060 


66 


1 813913 


90 


1 964348 


16 


1 304130 


41 


1 613784 


66 


1 819644 


91 


1 969041 


17 


1 380449 


43 


1 633349 


67 


1 836076 


93 


1 963788 


18 


1 366373 


43 


1 633468 


68 


1 833609 


93 


1 968488 


19 


1 378764 


44 


1 643463 


69 


1 838849 


94 


1 973138 


30 


1 301030 


46 


1 663313 


70 


1 846098 


96 


1 977734 


Hf 


1 833319 


46 


1 663678 


71 


1 861368 


96 


1 988371 


33 


1 343433 


4n 


1 673096 


73 


1 867383 


97 


1 986773 


33 


1 361738 


« 


, 1 681341 


73 


1 863333 


96 


1 991336 


34 


1 380311 


49 


1 690196 


74 


1 869333 


99 


1 996636 


36 


1 397940 


60 


1 698970 


76 


1 876061 


100 


3000000 


N. B. In the foUowing table, in the last ni 


ne columns of each pi 


ige, where 


the iint or leading figures change from 9'f 


1 to 0*s, points or do 


tsare now 


introduced instead of the O's through the r 


98t of the line, to catc 


sh (he eye, 


and to indicate that from thence the com 


Mponding natural n 


ambers in 


the first column stands in the next lower i 


line, and its annezet 


1 first two 


figures of the Logarithms in the second oo 


lomn. 

• 





1 



LOGARITHMS OF NUMBERS. 3 


N. 





I 


2 


8 


4 


6 


6 


7 


8 


9 


100 


000000 


0434 


0868 


1301 


1734 


2166 


2698 


3029 


.8461 


8891 


101 


4331 


4750 


6181 


6609 


6038 


6466 


6894 


7821 


7748 


8174 


102 


8600 


9036 


9461 


9876 


.300 


.724 


1147 


1670 


1993 


2416 


103 


012837 


3269 


3680 


4100 


4631 


4940 


6360 


6779 


6197 


6616 


104 


7033 


7461 


7868 


8284 


8700 


9116 


9632 


9947 


.861 


.776 


106 


021189 


1603 


2016 


2428 


2841 


8262 


3664 


4076 


4486 


4896 


106 


6306 


6716 


6126 


6633 


6942 


7360 


7757 


8164 


8571 


8978 


107 


9384 


9789 


.196 


.600 


1004 


1406 


1812 


2216 


2619 


9021 


106 


033424 


3826 


4227 


4626 


6039 


6430 


5830 


62ao 


6629 


7038 


109 


7426 


7826 


8223 


8620 


9017 


9414 


9811 


.207 


.602 


•998 


110 


041398 


1787 


2182 


2676 


2969 


8362 


8766 


4148 


4640 


4962 


111 


6323 


6714 


6106 


6496 


6885 


7276 


7664 


8068 


8442 


8880 


112 


9218 


9606 


9993 


.880 


.766 


1168 


1638 


1924 


2309 


2694 


118 


063078 


8468 


3846 


4280 


4613 


4996 


6378 


6760 


6142 


6624 


114 


6006 


7286 


7666 


8046 


8426 


8806 


9186 


9663 


9942 


.820 


116 


060696 


1076 


1462 


1829 


2206 


2682 


2968 


8888 


8709 


4068 


116 


4468 


4882 


6206 


6680 


6968 


6326 


6699 


7071 


7448 


7816 


117 


8186 


8667 


8928 


9298 


9668 


..88 


.407 


.776 


1146 


1614 


118 


071882 


2260 


2617 


2966 


8362 


8718 


4086 


4461 


4816 


6182 


119 


6647 


6912 


6276 


6640 


7004 


7368 


7781 


8094 


8467 


8819 


120 


9181 


9648 


9904 


.266 


.626 


.987 


1847 


1707 


2067 


2426 


121 


062786 


8144 


8608 


8861 


4219 


4576 


4934 


6291 


6647 


6004 


122 


6360 


6716 


7071 


7426 


7781 


8136 


8490 


8845 


9196 


9662 


128 


9906 


.268 


.611 


.968 


1816 


1667 


2018 


2370 


2731 


3071 


124 


093422 


3772 


4122 


4471 


4B20 


5169 


6618 


6866 


6216 


6562 


126 


6910 


7267 


7604 


7961 


8298 


8644 


8990 


9386 


9681 


1026 


126 


100371 


0716 


1069 


1408 


1747 


2091 


2434 


5J777 


8U9 


3462 


127 


8804 


4146 


4487 


4828 


6169 


6510 


6861 


6191 


6531 


6871 


128 


7210 


7649 


7888 


8227 


8666 


8908 


9341 


9579 


9916 


.253 


129 


110690 


0926 


1268 


1699 


1934 


2270 


2606 


2940 


8375 


3609 


180 


8948 


4277 


4611 


4944 


6278 


6611 


6948 


6276 


6608 


6940 


181 


7271 


7608 


7984 


8266 


8696 


8926 


9266 


9686 


9915 


0246 


182 


120674 


0908 


1281 


1660 


1888 


2316 


2644 


2871 


3198 


3626 


188 


8862 


4178 


4604 


4880 


6166 


6481 


6806 


6181 


6466 


6781 


184 


. 7106 


7429 


7768 


8076 


8399 


8722 


9046 


9368 


9690 


..12 


186 


180884 


0666 


0977 


1296 


1619 


1939 


2260 


2680 


2900 


8219 


186 


8639 


8868 


4177 


4496 


4814 


6183 


6461 


6769 


6066 


6403 


187 


6721 


7087 


7864 


7671 


7987 


8303 


8618 


8984 


9249 


9664 


188 


9679 


.194 


.606 


.822 


1136 


1460 


1768 


2076 


2389 


2702 


189 


148016 


8827 


8680 


8961 


4268 


4574 


4886 


6196 


6607 


6818 


140 


6128 


6488 


674B 


7068 


7867 


7676 


7986 


8294 


8608 


8911 


141 


9219 


9627 


9636 


.142 


.449 


.766 


1063 


1370 


1676 


1962 


142 


162288 


2694 


2900 


8206 


8610 


8816 


4120 


4424 


4738 


6032 


143 


6336 


6640 


6948 


6246 


6549 


6862 


7164 


7467 


7769 


8061 


144 


8862 


8664 


8966 


9266 


9667 


9868 


.168 


.469 


.769 


1068 


146 


161868 


1667 


1967 


2266 


2664 


2868 


8161 


8460 


8768 


4066 - 


146 


4368 


4660 


4947 


6244 


6641 


6838 


6134 


6430 


6726 


7022 


147 


7817 


7613 


7906 


8208 


8497 


8792 


9086 


9380 


9674 


9968 


148 


170262 


0666 


0848 


1141 


1434 


1726 


2019 


2311 


2603 


2896 


149 


8186 


8478 


8769 


4060 


4361 


4641 


4982 


6222 


6612 


6802 

i 



4 


LOGARITHAfS 


1 


N. 





1 


2 


3 


4 

7248 


5 


6 


7 


8 


9 


160 


176091 


6381 


6670 


6959 


7536 


7826 


8113 


8401 


8689 


161 


8977 


9364 


9552 


9839 


.126 


.413 


.699 


.986 


1272 


1568 


162 


181844 


3129 


2415 


2700 


2986 


8270 


3555 


3839 


4123 


4407 


168 


4691 


4975 


5269 


5542 


6826 


6108 


6391 


6(j74 


6966 


7239 


164 


7631 


7803 


8084 


8366 


8647 
281 

1461 


8928 


920D 


9490 


9771 


..61 


166 


190883 


0612 


0893 


1171 


1730 


2010 


2289 


2667 


2846 


166 


8136 


8403 


3681 


3959 


4237 


4514 


4792 


6069 


5346 


5ti23 


167 


6899 


6176 


6453 


6729 


7005 


7281 


''<556 


7832 


8107 


8382 


168 


8667 


8932 


9306 


9481 


9756 


..29 


.803 


.677 


.860 


1124 


169 


301897 


1670 


1943 


2216 


2488 

278 

6204 


2761 


3033 


8806 


8677 


3848 


160 


4130 


4891 


4663 


4934 


6476 


5746 


6016 


6286 


6656 


161 


6836 


7096 


7366 


".634 


7904 


8173 


8441 


8710 


8979 


9247 


163 


9616 


9783 


..61 


.819 


.586 


.853 


1121 


1388 


1654 


1921 


163 


313188 


3454 


2720 


2986 


3252 


3618 


3783 


4049 


4314 


4679 


164 


4844 


6109 


6373 


6638 


5902 
264 

8536 


6166 


6430 


6694 


6967 


7221 


166 


7484 


7747 


8010 


8273 


8798 


9060 


9323 


9686 


9846 


166 


330108 


0370 


0631 


0892 


1153 


1414 


1676 


1936 


2196 


2466 


167 


3716 


3976 


3236 


3496 


3756 


4016 


4274 


4533 


4792 


6051 


168 


6809 


6668 


6626 


6084 


6342 


6600 


6858 


7116 


7372 


7630 


169 


7887 


8144 


8400 


8657 


8913 

257 

1470 


9170 


9426 


9682 


9938 


.193 


170 


380448 


0704 


0960 


1215 


1724 


1979 


2234 


2488 


2742 


171 


3996 


3350 


3604 


8767 


4011 


4264 


4517 


4770 


6023 


5276 


173 


6638 


6781 


6038 


6286 


6537 


6789 


7041 


7292 


7644 


7796 


173 


8046 


8397 


8648 


8799 


9049 


9299 


9660 


9800 


..50 


.300 


174 


340649 


0799 


1048 


1297 


1546 

249 

4030 


1796 


2044 


2293 


2641 


2790 


176 


8038 


3386 


3634 


8783 


4277 


4526 


4772 


6019 


6266 


176 


6618 


6769 


6006 


6363 


6499 


6746 


6991 


7237 


7483 


7738 


177 


7973 


8319 


8464 


8709 


8954 


9198 


9443 


9687 


9933 


.176 


178 


360430 


0664 


0906 


1161 


1396 


1638 


1881 


2126 


3368 


3610 


179 


3863 


3096 


3338 


8680 


8823 
242 

6237 


4064 


4306 


4648 


4790 


6031 


180 


6373 


6614 


6766 


6996 


6477 


67ia 


6968 


7198 


7439 


181 


7679 


7918 


8168 


8398 


8637 


8877 


9116 


9356 


9694 


9833 


183 


360071 


0810 


0648 


0787 


1026 


1263 


1501 


1739 


1976 


3314 


183 


3461 


3688 


2926 


8163 


8399 


3636 


3873 


4109 


4346 


4683 


184 


4818 


6054 


6290 


6636 


6761 
285 

8110 


6996 


6232 


6467 


6703 


6937 


186 


7173 


7406 


7641 


7876 


8344 


8678 


8812 


9046 


9379 


186 


9613 


9746 


9980 


.313 


.446 


.679 


.912 


1144 


1377 


1609 


187 


371843 


3074 


2306 


3638 


2770 


3001 


3233 


3464 


3696 


3937 


188 


4168 


4389 


4620 


4860 


5081 


6311 


6542 


6772 


6003 


6333 


189 


6468 


6693 


6921 


7161 


7880 
229 

9667 


7609 


7838 


8067 


8296 


8625 


190 


8764 


8983 


9211 


9439 


9896 


.123 


.861 


.678 


.806 


191 


381033 


1361 


1488 


1715 


1942 


2169 


2396 


2622 


2849 


3075 


193 


3301 


3637 


3753 


3979 


4206 


4431 


4666 


M882 


5107 


6333 


193 


6657 


6782 


6007 


6233 


6466 


6681 


6906 


7130 


7364 


7578 


194 


7803 


8026 


8249 


8473 


8696 
224 

0926 


8920 


9143 


9366 


9589 


9813 


195 


390035 


0257 


0480 


0703 


1147 


1369 


1691 


1813 


2034 


196 


3266 


2478 


2699 


3920 


3141 


3368 


3684 


3804 


4026 


4246 


197 


4466 


4687 


4907 


6127 


6347 


6667 


6787 


6007 


6226 


6446 


198 


6666 


6884 


7104 


7328 


7642 7761 


7979 


8196 


8416 


8636 


199 


8863 


9071 


9289 


9607 


9736 9943 


.161 


.878 


.696 


.818 



r 



OF Numbers 6 


N. 





1 


2 


8 


4 


6 


6 


7 


8 


9 


200 


801030 


1347 


1464 


1681 


1898 


2114 


2381 


2647 


2764 


2960 


201 


8196 


8413 


8628 


3844 


4069 


4276 


4491 


4706 


4921 


6136 


202 


6861 


6666 


6781 


6996 


6211 


6436 


6639 


6864 


7088 


7282 


208 


7496 


7710 


7924 


8137 


8861 


8664 


8778 


8991 


9304 


9417 


204 


9630 


9648 


. .66 


.368 


.481 
212 

3600 


.693 


.906 


1118 


1330 


1542 


206 


811764 


1966 


2177 


3889 


3812 


3023 


3284 


8446 


3666 


206 


8867 


4078 


4389 


4499 


4710 


^20 


6130 


6340 


6551 


5760 


207 


6970 


6180 


6890 


6699 


6809 


7018 


7227 


7436 


7646 


7864 


206 


8063 


8373 


8481 


8689 


8896 


9106 


9314 


9622 


9730 


9938 


209 


330146 


0364 


0663 


0769 


0977 
207 


1184 


1391 


1698 


1805 


2012 


210 


3319 


3436 


3688 


3889 


3046 


8262 


3468 


S6G5 


8871 


4077 


211 


4282 


4488 


4694 


4899 


6106 


6310 


6616 


6721 


6926 


6131 


212 


6336 


6641 


6746 


6960 


7166 


7869 


7563 


7767 


7972 


8176 


218 


8380 


8683 


8787 


8991 


9194 


9398 


9601 


9805 


...8 


.211 


214 


330414 


0617 


0819 


1033 


1326 

202 

8346 


1427 


1630 


1832 


2034 


2236 


216 


2438 


3640 


3843 


3044 


3447 


3649 


3860 


4061 


4263 


216 


4464 


4666 


4866 


6067 


6367 


6468 


6668 


6869 


6069 


6260 


217 


6460 


6660 


6860 


7060 


7360 


7469 


7669 


7868 


8068 


8267 


218 


8466 


8666 


8866 


9064 


9263 


9461 


9660 


9849 


..47 


.246 


219 


340444 


0642 


0641 


1039 


1237 
198 

3213 


1436 


1632 


1830 


2028 


2226 


220 


2438 


2620 


3817 


8014 


3409 


3606 


3802 


3999 


4196 


221 


4392 


4689 


4786 


4981 


6178 


6374 


6670 


576(5 


6962 


fil57 


222 


6363 


6649 


6744 


6939 


7136 


7330 


7626 


7720 


7915 


8110 


223 


8306 


8600 


8694 


8889 


9083 


9278 


9472 


9666 


9860 


.54 


224 


360248 


0442 


0636 


0639 


1033 
198 

3964 


1216 


1410 


1603 


1796 


1989 


236 


2183 


2376 


2668 


3761 


8147 


8339 


3532 


3724 


3916 


226 


4106 


4801 


4493 


4686 


4876 


6068 


6260 


6452 


5643 


5834 


227 


6026 


6217 


6408 


6699 


6790 


6981 


7172 


7363 


7564 


7744 


228 


7936 


8126 


8316 


8606 


8696 


8886 


9076 


9266 


9456 


964(i 


229 


9636 


..26 


.216 


.404 


.693 
190 

3483 


.783 


.972 


1161 


1350 


1539 


280 


861738 


1917 


2106 


2394 


2671 


2869 


30'18 


3236 


r424 


231 


8613 


8800 


8988 


4176 


4368 


4661 


4739 


4926 


6113 i 5301 


232 


6488 


6676 


6862 


6049 


6236 


6433 


6610 


6796 


< 983 ; 7169 


238 


7366 


7642 


7729 


7916 


8101 


8287 


8473 


8659 


8845 ; 9030 


234 


9316 


9401 


9687 


9773 


9968 
186 


.143 


.328 


.513 


.698 j .883 


286 


371068 


1268 


1437 


1633 


1806 


1991 


2176 


2360 


2644 2:28 


286 


^13 


8096 


8280 


3464 


8647 


8831 


4016 


4198 


4382 4565 


287 


4748 


4932 


6116 


6398 


6481 


6664 


6846 


6029 


6212 , 6S94 


238 


6677 


6769 


6942 


7134 


7306 


7488 


7670 


7852 


8034 8216 


389 


8398 


8680 


8761 


8948 


9124 
182 

0934 


9306 


9487 


9668 


9849 , ..30 


340 


880311 


0392 


0678 


0764 


1116 


1296 


1476 


i 
1666 1837 


341 


3017 


2197 


2377 


2667 


2737 


2917 


3097 


3277 


3466 , 3636 


342 


8816 


3996 


4174 


4363 


4633 


4712 


4891 


5070 


5249 ' 6428 


343 


6606 


6786 


6964 


6142 


6321 


6499 


6677 


6866 


7084 7212 


344 


7890 


7668 


7746 


7923 


8101 


8379 


8466 


8634 


8811 8989 












178 












846 


9166 


9348 


9620 


9698 


9876 


..61 


.228 


.406 


.682 


.769 1 


346 


390986 


1112 


1288 


1464 


1641 


1817 


1993 


2169 


2346 2621 


347 


2697 


2878 


3048 


8224 


3400 


3676 


3761 


8926 


4101 1 4277 


348 


4463 


4627 


4802 


4977 


6162 


6826 


6501 


6676 


6860 16026 


349 


6199 


6874 


6648 6723 


6896 


7071 


7246 


7419 


7693 7766 



6 


LOGARITHMS 




N. 





1 


3 


8 


4 


6 


6 


7 


8 
9328 


9 




360 


897940 


8114 


8387 


8461 


8634 


8806 


8981 


9164 


9601 




361 


9674 


9647 


..30 


.192 


.866 


.688 


.711 


.883 


1066 


1228 




863 


401401 


1678 


1746 


1917 


3089 


2261 


2433 


2606 


8777 


2949 




363 


8131 


8893 


3464 


3636 


3807 


8978 


4149 


4320 


4492 


4663 




364 


4884 


6006 


6176 


6846 


5617 
171 


6688 


6858 


6029 


6199 


6370 




366 


6640 


6710 


6881 


7061 


7331 


7891 


7661 


7781 


7901 


8070 


■ 


866 


8240 


8410 


8679 


8749 


8918 


9087 


9267 


9426 


9695 


9764 




867 


9938 


.103 


.971 


.440 


.609 


.777 


.946 


1114 


1283 


1451 




368 


411620 


1788 


1966 


3124 


i:393 


2461 


S629 


2796 


2964 


3132 




369 


8800 


3467 


8685 


8803 


3970 


4187 


4305 


4472 


4639 


4806 




260 


4978 


5140 


6807 


5474 


6641 


6808 


5974 


6141 


6808 


6474 




861 


6641 


6807 


6978 


7189 


<306 


1472 


7638 


7804 


7970 


8136 




363 


8801 


8467 


8633 


8798 


8964 


9129 


9295 


9460 


9625 


9791 




363 


9966 


.121 


.286 


.451 


.616 


.781 


.945 


1110 


1275 


1439 




364 


^1604 


1788 


1938 


2097 


2261 


2426 


2590 


2764 


2918 


3083 




366 


8946 


8410 


8574 


8787 


3901 


4066 


4328 


4892 


4665 


4718 




866 


4882 


6046 


6206 


6871 


6534 


5697 


6860 


6033 


6186 


6849 




867 


6611 


6674 


6836 


6999 


7161 


7324 


7486 


7648 


7811 


7973 




368 


8136 


8297 


8459 


8621 


8783 


8944 


9106 


9268 


9429 


9591 




369 


9763 


9914 


..76 


.236 


.896 


.569 


.720 


.881 


1042 


1203 




870 


481864 


1626 


1685 


1846 


2007 


2167 


3338 


2488 


8649 


2809 




371 


8969 


8130 


8290 


3450 


3610 


3770 


3930 


4090 


4249 


4409 




873 


4669 


4729 


4888 


6048 


5207 


6367 


6586 


6685 


5844 


6004 




373 


6163 


6322 


6481 


6640 


6800 


6957 


7116 


7275 


7433 


7593 




374 


7761 


7909 


8067 


8226 


8384 
168 


8542 


8701 


8869 


9017 


9175 




376 


9388 


9491 


9648 


9806 


9964 


.138 


.379 


.437 


.694 


.763 




376 


440909 


1066 


1224 


1381 


1588 


1696 


1863 


8009 


2166 


>323 




877 


3480 


2637 


2798 


2960 


8106 


8363 


3419 


3576 


3732 


3^ 




378 


4046 


4201 


4357 


4618 


4660 


4825 


4981 


6137 


5293 


5449 




379 


6604 


6760 


5915 


6071 


6236 


6882 


6637 


6692 


6848 


7008 




380 


7168 


7818 


7468 


7623 


7778 


7988 


8068 


8348 


8897 


8663 




381 


8706 


8861 


9015 


9170 


9324 


9478 


9638 


9787 


9941 


..95 




882 


460249 


0408 


0557 


0711 


0866 


1018 


1173 


1396 


1479 


1688 




283 


1786 


1940 


2093 


2247 


2400 


2658 


3706 


3859 


8013 


8166 




284 


8318 


3471 


8624 


3777 


8930 


4082 


4386 


4387 


4640 


4693 




2S6 


4846 


4997 


5160 


6302 


6464 


6606 


5768 


6910 


6063 


6214 




286 


6366 


6618 


6670 


6821 


6973 


7126 


•;376 


7438 


7679 


7731 




387 


7882 


8033 


8184 


8336 


8487 


8638 


8789 


8940 


9091 


9243 




288 


9393 


9643 


9bl^4 


9845 


9996 


.146 


.396 


.447 


.597 


.748 




289 


460898 


1048 


1198 


1348 


1499 


1649 


1799 


1948 


8098 


3348 




290 


2896 


2648 


2697 


2847 


2997 


3146 


3296 


3446 


3594 


8744 




291 


8893 


4042 


4191 


4340 


4490 


4639 


4788 


4936 


5086 


5234 




292 


6383 


5532 


6680 


6829 


6977 


6126 


6274 


6433 


6571 


6719 




393 


6868 


7016 


7164 


7312 


7460 


7608 


7766 


7904 


8062 


8300 




394 


8347 


8496 


S643 


8790 


8938 
147 


9086 


9283 


9380 


9527 


9676 




396 


9822 


9969 


.116 


.363 


.410 


.667 


.704 


.861 


.998 


1146 




396 


471292 


1438 


1685 


1733 


1878 


2035 


2171 


2318 


^464 


2610 




397 


2766 


S2903 


8049 


8195 


3341 


8487 


8683 


3779 


3926 


4071 




998 


4316 


4362 


4506 


4653 


4799 


4944 


5090 


5235 


5381 


6526 




899 


6671 


6816 


6963 


6107 


6262 


6897 


6542 


6687 


6832 


6976 





^ 





OF NUMBEES. 7 


N. 





1 


3 


8 


4 


6 


6 


7 


8 


9 


900 


477131 


7966 


7411 


7666 


7700 


7844 


7969 


8188 


8378 


8438 


801 


8666 


8711 


8866 


OOfQQ 

omnf 


9148 


9887 


9481 


9676 


9719 


9668 


803 


480007 


0161 


0394 


0488 


0683 


0796 


0669 


1019 


1166 


1380 


808 


1448 


1686 


1739 


1873 


3016 


8169 


8303 


8446 


3688 


8781 


804 


9874 


8016 


8169 


8803 


8446 
148 


8687 


8780 


8873 


4016 


4157 


806 


4800 


4443 


4686 


4737 


4B69 


6011 


6168 


ROOK 


6487 


6679 


806 


6731 


6868 


6006 


6147 


6380 


6480 


6673 


6714 


6865 


6997 


807 


7138 


7380 


7431 


7668 


7704 


7846 


7966 


8187 


8369 


8410 


806 


8661 


8693 


8838 


8974 


9114 


9866 


9696 


9637 


9667 


9618 


809 


OORA 


..90 


.389 


.880 


.680 


.661 


.801 


.941 


1081 


1383 


810 


491863 


1609 


1643 


1783 


1983 


8068 


8301 


3841 


3481 


3631 


811 


3760 


3900 


8040 


3179 


8319 


8468 


8697 


8737 


3876 


4015 


813 


4166 


4394 


4433 


4673 


4711 


4860 


4989 


6138 


5267 


5406 


818 


6644 


6688 


6833 


6960 


6099 


6338 


6876 


6616 


6653 


6791 


814 


6980 


7068 


7306 


7844 


7488 


7631 


7769 


7897 


8086 


8178 


816 


8811 


8448 


8686 


8784 


8888 


8899 


9187 


9376 


9413 


9660 


316 


9687 


9634 


9963 


..99 


.386 


.874 


.611 


.648 


.785 


.933 


917 


601069 


1196 


1333 


1470 


1607 


1744 


1880 


2017 


3164 


3391 


818 


3437 


8664 


3700 


3887 


3973 


3109 


3346 


8383 


8518 


3665 


819 


8791 


8997 


4068 


4199 


4386 


4471 


4607 


4748 


1878 


6014 


830 


6160 


6386 


6^1 


6667 


6693 


6838 


6964 


6099 


6334 


6370 


831 


6606 


6640 


6776 


6911 


7046 


7181 


7316 


7461 


768t> 


7721 


833 


7866 


7991 


8136 


8360 


8396 


8630 


8664 


8799 


8934 


9008 


838 


9303 


9337 


9471 


9606 


9740 


9874 


. . .y 


.143 


.377 


.411 


834 


610646 


0679 


0613 


0947 


1081 
134 


1316 


1349 


1483 


1616 


r/50 


836 


1883 


3017 


3161 


3384 


3418 


3661 


3684 


3818 


2951 


3084 


836 


8318 


8861 


8484 


8617 


8760 


3888 


4016 


4149 


4283 


4414 


837 


4648 


4681 


4813 


4946 


6079 


6311 


6344 


6476 


6609 


5741 


838 


6874 


6006 


6139 


6371 


6403 


6636 


6668 


6800 


6933 


7064 


839 


7196 


7838 


7460 


7693 


7734 


7866 


7987 


8119 


8351 


8383 


880 


8614 


8646 


8777 


8909 


9040 


9171 


9303 


9434 


9666 


9697 


881 


9838 


9969 


..90 


.331 


.863 


.484 


.616 


.746 


.876 


1007 


883 


681138 


1369 


1400 


1630 


1661 


1793 


1933 


3063 


3183 


3314 


833 


3444 


3676 


3706 


3886 


8966 


3096 


3336 


3366 


3486 


3616 


884 


8746 


3876 


4006 


4186 


4366 


4396 


4636 


4666 


4785 


4916 


836 


6046 


6174 


6304 


6484 


6663 


6693 


6833 


6961 


6081 


6310 


836 


6339 


6469 


6698 


6737 


6866 


6966 


7114 


7343 


7373 


7501 


837 


7630 


7769 


7888 


8016 


8146 


8374 


8403 


8631 


8660 


8788 


838 


8917 


9046 


9174 


9303 


9430 


9569 


9687 


9816 


9943 


..73 


839 


630300 


0338 


0466 


0664 


0713 


0840 


0968 


1096 


1323 


1^51 


840 


1479 


1607 


1734 


1863 


1960 


3117 


3345 


3373 


3500 


2C37 


841 


3764 


3883 


3009 


3186 


8364 


8391 


3618 


3646 


8773 


3899 


843 


4036 


4163 


4380 


4407 


4534 


4661 


4787 


4914 


5041 


5167 


848 


6394 


6431 


6647 


6674 


6800 


5937 


6053 


6180 


6306 


6433 


844 


6668 


6686 


6811 


6937 


■7060 
189 

83S3 


7189 


7315 


7441 


/567 


7693 


846 


7819 


7946 


8071 


8197 


8448 


8674 


8699 


8836 


8951 


846 


9076 


9303 


9337 


9463 


9678 


9703 


9839 


9954 


..79 


.304 


847 


640339 


0466 


0680 


0706 


0830 


0965 


1080 


1205 


1330 


1454 


848 


1679 


1704 


1839 


1963 


3078 


3303 


3327 


245!^ 


2576 


2701 


849 


3886 


3960 


8074 


3199 


3333 


3447 


35/1 


3o96 


3620 


3iM4 



8 






LOGARITHMS 




N. 





1 


3 


8 


4 


6 


6 


7 


8 


9 




860 


644068 


4193 


4316 


4440 


4664 


4688 


4810 


4936 


5060 


6183 




861 


6807 


6431 


6566 


6678 


6806 


6926 


6049 


6173 


6296 


6419 




863 


6648 


6666 


6789 


6918 


7036 


7169 


7383 


7406 


7529 


7663 




353 


7775 


7898 


8031 


8144 


8267 


8389 


8513 


8635 


8758 


8881 




864 


9003 


9196 


9249 


9871 


9494 
123 

0717 


9616 


9739 


9861 


9984 


.196 




355 


560338 


0351 


0473 


0696 


0840 


0963 


1084 


1206 


1338 




856 


1150 


1572 


1694 


1816 


1938 


2060 


2181 


3303 


2425 


2547 




357 


2668 


2790 


2911 


3033 


3166 


3276 


3393 


3519 1 3640 


3762 




358 


3883 


4004 


4126 


4247 


4368 


4489 


4610 


4731 


4852 


4978 




359 


6094 


6216 


5346 


6467 


6578 


6699 


5820 


6940 


6061 


6183 




360 


6303 


G423 


6544 


6664 


6786 


6906 


7026 


7146 


7267 


7S87 




301 


7507 


7027 


7748 


7868 


7988 


8108 


8228 


8349 


8469 


8589 




d(i2 


8709 


8829 


8948 


9068 


9188 


9303 


9428 


9548 


9667 


9787 




dti3 


9907 


26 


.146 


.266 


.385 


.504 


.624 


.743 


.863 


.983 




864 


661101 


\ufil 


1840 


1469 


1678 


1696 


1817 


1986 


3066 


2178 




865 


3393 


3413 


2681 


2660 


2769 


3887 


3006 


8136 


8244 


8863 




866 


8481 


8600 


3718 


3837 


8965 


4074 


4193 


4311 


4429 


4648 




867 


4666 


4784 


4903 


6021 


6189 


6267 


5376 


5494 


6612 


6730 




868 


6848 


6966 


6064 


6202 


6320 


6487 


6566 


6673 


6791 


6909 




869 


7036 


7144 


7263 


7879 


7497 


7614 


7783 


7849 


7967 


8064 




870 


8203 


8819 


8436 


8564 


8671 


8788 


8906 


9033 


9140 


9267 




871 


9874 


9491 


9608 


9725 


9883 


9959 


..76 


.193 


.309 


.426 




873 


670548 


0660 


0776 


0893 


1010 


1126 


1243 


1359 


1476 


1593 




373 


1709 


1826 


1943 


2068 


3174 


2291 


2407 


2523 


2639 


2755 




874 


S873 


3988 


3104 


8220 


3336 
116 


8452 


3568 


3684 


3800 


;i915 




876 


4031 


4147 


4263 


4879 


4494 


4610 


4726 


4841 


4957 


5072 




876 


6188 


5303 


6419 


6534 


6650 


6766 


6880 


5996 


6111 


6226 




877 


6341 


6457 


6573 


6687 


6803 


6917 


7032 


7147 


7262 


7377 




378 


7493 


7607 


7733 


7836 


7961 


8066 


8181 


8295 


8410 


8525 




879 


«639 


8764 


8868 


8983 


9097 


9213 


9326 


9441 


9555 


9669 




880 


9784 


9898 


..13 


.136 


.341 


.866 


.469 


.583 


.697 


.811 




881 


680936 


1039 


1153 


1367 


1381 


1496 


1608 


1722 


1836 


1959 




883 


3063 


3177 


3391 


2404 


3518 


2681 


2745 


2858 


2973 


3086 




883 


3199 


3313 


3436 


3639 


3653 


3765 


3879 


3992 


4105 


4218 




384 


4331 


4444 


4667 


4670 


4783 


4896 


6009 


6122 


6236 


6348 




386 


6461 


6674 


5686 


6799 


6913 


6024 


6137 


6360 


6363 


6475 




386 


6587 


6700 


6813 


6936 


7037 


7149 


7262 


7374 


7486 


7699 




387 


7711 


7823 


7935 


8047 


8160 


8373 


8384 


8496 


8608 


8720 




388 


8833 


8944 


9056 


9167 


9279 


9391 


9603 


9616 


9726 


9834 




389 


9950 


..61 


.173 


.384 


.396 


.507 


.619 


.730 


.843 


.963 




390 


591066 


1176 


1387 


1399 


1510 


1631 


1732 


1843 


1955 


2066 




391 


2177 


2288 


3399 


3510 


2621 


2732 


2843 


3954 


3064 


3175 




392 


3286 


3397 


3508 


3618 


3729 


3840 


3950 


4061 


4171 


4283 




393 


4393 


4503 


4614 


4724 


4834 


4945 


5055 


5165 


5376 


6386 




894 


5496 


5606 


6717 


5827 


6937 
110 

7087 


6047 


6157 


6367 


6377 


6487 




395 


6597 


6707 


6817 


6927 


7146 


7266 


7366 


7476 


7686 




390 


7696 


7805 


7914 


8024 


8134 


8243 


8353 


8463 


8572 


8681 




n 897 


8791 


8900 


9009 


9119 


9228 


b337 


9446 


:.5o6 


9666 


9774 




11 398 


9883 


9992 


.101 


.210 


.319 


.428 


.537 


,646 


755 


.864 




1 899 


600978 


1083 


1191 


1399 


1406 


1517 


1626 1734 1 


1848 1961 1 




1!=^ 










1 1 1 


■ ■ J- Jl 



r 





OF NUMBERS. 9 


N. 





1 


3 


8 


4 


6 


6 


7 


8 


9 


400 


603060 


3169 


2277 


3886 


3494 


2608 


2711 


2819 


2928 


3086 


401 


3144 


8263 


3361 


3469 


3673 


8686 


8794 


3902 


4010 


4118 


403 


4336 


4834 


4443 


4660 


4668 


4766 


4874 


4982 


6089 


6197 


408 


6306 


6413 


6631 


6638 


6736 


6844 


6961 


6069 


6166 


6274 


404 


6881 


6489 


6696 


6704 


6811 
108 

7884 


6919 


7026 


7133 


7241 


7348 


406 


7466 


7663 


7669 


7777 


7991 


8096 


8206 


8312 


8419 


406 


8636 


8638 


8740 


8847 


8964 


9061 


9167 


9274 


9881 


9488 


407 


9694 


9701 


9806 


9914 


..31 


.128 


.234 


.341 


.447 


.654 


406 


610660 


0767 


0673 


0979 


1086 


1192 


1296 


1406 


1611 


1617 


409 


1738 


1839 


1986 


2043 


3148 


2264 


2360 


2466 


2672 


2678 


410 


3784 


3890 


3996 


8103 


3307 


8818 


8419 


8626 


8630 


3786 


411 


8843 


8947 


4063 


4169 


4364 


4370 


4476 


4681 


4686 


4792 


413 


4897 


6003 


6106 


6313 


6319 


6424 


6629 


6684 


6740 


6846 


413 


6960 
7000 


6066 


6160 


6366 


6370 


6476 


6681 


6686 


6790 


6896 


414 


7106 


7310 


7316 


7430 


7626 


7629 


7734 


7839 


7948 


416 


8048 


8168 


8367 


8363 


8466 


8671 


8676 


8780 


8884 


8969 


416 


9893 


9198 


9303 


9406 


9611 


9616 


9719 


9834 


9928 


..82 


417 


630136 


0140 


0344 


0448 


0663 


0666 


0760 


0664 


0968 


1073 


418 


1176 


1380 


1384 


1488 


1693 


1696 


1799 


1903 


2007 


2110 


419 


3314 


3818 


3431 


2626 


3638 


2732 


2886 


2939 


3042 


3146 


490 


8349 


8868 


8466 


8669 


8663 


8766 


8869 


8973 


4076 


4179 


431 


4383 


4386 


4488 


4691 


4696 


4796 


4901 


6004 


6107 


6210 


433 


6813 


6416 


6618 


6631 


6734 


6827 


6939 


6033 


6136 


6288 


4as 


6340 


6448 


6646 


6648 


6761 


6863 


6966 


7058 


7161 


7263 


434 


7866 


7468 


7671 


7678 


7775 
108 


7878 


7980 


8063 


8186 


8267 


436 


8389 


8491 


8698 


8696 


8797 


8900 


9002 


9104 


9206 


9306 


436 


9410 


9613 


9618 


9716 


9817 


9919 


..21 


.123 


.224 


.826 


437 


680438 


0680 


0681 


0733 


0686 


0986 


1038 


1139 


1241 


1343 


4a8 


1444 


1646 


1647 


1748 


1849 


1961 


2063 


2163 


2266 


2366 


439 


3467 


2669 


3660 


2761 


3863 


2968 


8064 


8166 


8266 


8367 


480 


8468 


8669 


8670 


8771 


8873 


8973 


4074 


4176 


4376 


4876 


481 


4477 


4678 


4679 


4779 


4880 


4981 


6061 


6182 


6283 


6383 


4S3 


6484 


6684 


6686 


6786 


6686 


6986 


6067 


6187 


6287 


6888 


488 


6488 


6688 


6688 


6789 


6889 


6969 


7069 


7189 


7290 


7390 


434 


7490 


7690 


7690 


7790 


7890 


7990 


8090 


8190 


8290 


8389 


486 


8489 


8689 


8689 


8789 


8888 


8966 


9068 


9188 


9287 


9387 


486 


9486 


9686 


9686 


9786 


9886 


09D4 


. .04 


.183 


.283 


.382 


487 


640481 


0681 


0680 


0779 


0879 


0978 


1077 


1177 


1276 


1376 


488 


1474 


1673 


1673 


1771 


1871 


1970 


2(te9 


2168 


2267 


2306 


489 


3466 


3668 


9663 


3761 


3860 


2959 


3008 


3166 


8256 


3354 


440 


8468 


8661 


8660 


8749 


8847 


3946 


4044 


4143 


4242 


4340 


441 


4489 


4687 


4686 


4734 


4882 


4931 


6029 


6127 


5226 


6324 


443 


6433 


6631 


6619 


6717 


6816 


5913 


6011 


6110 


6208 


6306 


448 


6404 


6603 


6600 


6698 


6796 


6894 


6992 


70ci9 


7187 


7286 


444 


7888 


7481 


7679 


7676 


7774 
98 

8760 


7872 


7969 


8067 


81G5 


82ti2 


446 


8860 


8468 


8666 


8668 


8848 


8946 


9010 


9140 


9237 


446 


9886 


9482 


9680 


9637 


9724 


9821 


9919 


..IG 


.iia 


.210 


447 


660806 


0406 


0603 


0699 


0696 


0793 


0890 


0987 


1084 


1181 


448 


1378 


1376 


1473 


1669 


1666 


1762 


1869 


lJJ5t> 


2053 


2150 


449 


3346 


2343 


3440 


3630 


3683 


2780 


3826 


3928 


8019 


8116 



■Ma^^HiB 


















i^j^g^ 


mttkidmitt 




ID 


LOGARITHMB 




N. 





1 


9 


8 




4 


6 


6 


7 


8 


9 




460 


6168318 


8809 


8406 


8608 


8688 


8696 


8791 


8688 


8984 


4080 




461 


4177 


4378 


4869 


4466 


4663 


4668 


4764 


4860 


4946 


6048 




463 


6188 


6336 


6831 


6437 


6636 


6619 


6716 


6810 


6906 


6008 




468 


6098 


6194 


6390 


6886 


6483 


6677 


6678 


6769 


6864 


6960 




464 


7066 


7163 


7347 


7843 


7488 

#6 

8^93 


7634 


7639 


7736 


7830 


7916 




466 


8011 


8107 


8308 


8398 


8488 


^864 


8679 


8774 


8890 




466 


8966 


9060 


9156 


9330 


9348 


S441 


\s6as 


9631 


9796 


imn 




467 


9916 


..11 


.106 


.301 


.396 


.391 


.486 


.661 


.676 


.771 




468 


660866 


0960 


1066 


1150 


1345 


1389 


1434 


1539 


1628 


1718 




4B9 


1818 


1907 


3003 


30<M> 


3191 


3386 


8880 


8476 


3668 


3668 




460 


3768 


3863 


3947 


8041 


8186 


8380 


8334 


8418 


8619 


8607 




461 


8701 


8796 


8889 


8988 


4078 


4178 


4366 


4860 


4464 


4648 




463 


4643 


4786 


4830 


4834 


6018 


6113 


6306 


6399 


6898 


6487 




468 


6681 


6676 


6769 


6863 


6966 


6060 


6143 


6987 


6881 


6484 




464 


6618 


6613 


6706 


6799 


0898 


6866 


7«39 


7178 


7966 


7860 




466 


7468 


7646 


7640 


7788 


7896 


7930 


8018 


8106 


8199 


too 




466 


8886 


8479 


8673 


8666 


8769 


8863 


8946 


9068 


9181 


9834 




467 


9617 


9410 


9606 


WfaO 


9689 


9788 


9876 


9967 


..60 


.168 




468 


670341 


0889 


0481 


0634 


0617 


6710 


6803 


0696 


0088 


1080 




4BB 


1178 


1366 


1868 


1461 

1 


1648 


1686 


1798 


1881 


1918 


9006 




470 


9006 


3190 


9388 


3876 


8467 


8660 


8668 


9744 


9886 


9989 




471 


8031 


8118 


8306 


8397 


8890 


8488 


8674 


4WJD 


8768 


8860 




473 


8943 


4084 


4136 


4318 


4810 


4403 


4494 


4686 


4677 


4769 




478 


4861 


4968 


6046 


6187 


6838 


6880 


6413 


6608 


6696 


6687 




474 


6778 


6870 


6963 


6068 


6146 
91 


6386 


6898 


6419 


6611 


6608 




476 


6694 


6786 


6876 


6968 


7060 


7161 


7348 


7888 


7484 


7516 




476 


7607 


7698 


7789 


7881 


7978 


8068 


8164 


8846 


8886 


8487 




477 


8618 


8609 


8700 


8791 


8883 


8978 


9064 


9166 


9346 


9387 




478 


94as 


9619 


9610 


9700 


9791 


9688 


9978 


..68 


.164 


• 4#W 




479 


680386 


0436 


0617 


0607 


0698 


0789 


0879 


0970 


1060 


1161 




4B0 


1341 


1888 


1«» 


1618 


1606 


1098 


1784 


1874 


1964 


3066 




481 


3146 


3386 


8896 


3416 


9606 


9696 


8686 


3777 


8867 


3967 




483 


8047 


8187 


8337 


8817 


8407 


8497 


8687 


8677 


8767 


3867 




488 


8947 


4087 


4137 


«I17 


4807 


4896 


4486 


4676 


4666 


4766 




484 


4864 


4986 


6096 


6114 


6904 


6894 

1 


6688 


6478 


6663 


OOlMi 




486 


6743 


6881 


8931 


6010 


6100 


6189' 


6879 


6868 


6468 


6647 




4B6 


6686 


6736 


6816 


6904 


6994 


7088 


7173 


7961 


7861 


7440 




487 


7639 


7618 


7707 


7796 


7886 


7976 


8064 


8168 


8848 


8881 




488 


8430 


8609 


8698 


8687 


8776 


8866 


8968 


9048! 


9181 


9380 




4B0 


9809 


9888 


9486 


9676 


9664 


9768 


984 


9900, 


..19 


.107 




490 


690196 


0386 


06T8 


0668 


0660 


0689 


0798: 


0816 


0906 


0998 




491 


1081 


1170 


1368 


1847 


1486 


1634 


1618' 


1700 


1789 


1877 




493. 


1966 


3068 


3143 


3380 


3818 


3406 


3494 


9688 


1^71 


3768 




498 


9847 


3986 


8038 


8111 


8199 


8387 


8876 


8468 


8661 


8680 




484 


8737 


8816 


8908 


8991 


4078 
88 

4966 


4166 


4S64. 


4843 


4480 


4617 




496 


4606 


4698 


4781 


4868 


6044 


6181^ 


6310 


6807 


6894 




496 


6483 


6669 


6667 


6744 


6883 


6019 


6007 


6094 


6188 


6369 




H 497 


6866 


6444 


6681 


6618 


6706 


6798 


6880 


6968 


7066 


71«3 




II 498 


7339 


7817 


7404 


7491 


7678 


7666 


7768 


7889 


7936 


8014 




H 499 


8101 


8188 


8376 


8863 


8449 


8686 


8683 


8709 


8796 


^J 



r 









OF NUMBERS. 


11 




N. 





1 


3 


8 


4 


6 


6 


7 


8 


9 




600 


698970 


9067 


9144 


9381 


9817 


9404 


9491 


9678 


9664 


9761 




601- 


9838 


9934 


..11 


..98 


.184 


.371 


.358 


.444 


.631 


.617 




603 


700704 


0790 


0877 


0963 


1060 


1186 


1232 


1309 


1395 


1483 




603 


1568 


1664 


1741 


1837 


1913 


1999 


3086 


2172 


3268 


2344 




604 


3431 


3617 


3603 


3689 


3776 

86 


3861 


3947 


3033 


3119 


3305 




606 


8391 


3377 


8468 


3649 


8636 


8731 


8807 


8895 


3979 


4066 




606 


4161 


4336 


4333 


4408 


4494 


4579 


4665 


4751 


4837 


4932 




607 


6008 


5094 


6179 


5366 


6350 


5436 


5533 


5607 


5693 


5778 




606 


6864 


6949 


6036 


6130 


6306 


6291 


6376 


6462 


6547 


6632 




609 


6718 


6803 


6888 


6974 


7069 


7144 


7339 


7315 


7400 


7485 




610 


7670 


7666 


7740 


7836 


7910 


7996 


8081 


8166 


8261 


8336 




611 


8431 


8506 


8591 


8676 


8761 


8846 


8931 


9015 


9100 


9185 




613 


9370 


9355 


9440 


9534 


9609 


9694 


9779 


9863 


9948 


..33 




613 


710117 


0303 


0387 


0371 


0466 


0640 


0635 


0710 


0794 


0879 




614 


0963 


1048 


1133 


1317 


1301 


1385 


1470 


1554 


1639 


1723 




616 


1807 


1893 


1976 


3060 


3144 


2239 


2313 


2397 


2481 


2666 




616 


3650 


3734 


3818 


3903 


3986 


3070 


3154 


3238 


3326 


3407 




617 


3491 


3576 


3669 


3743 


3836 


3910 


3994 


4078 


4162 


4246 




618 


4330 


4414 


4497 


4581 


4665 


4749 


4833 


4916 


5000 


5084 




619 


5167 


5351 


5336 


5418 


5503 


5586 


5t>69 


5753 


5836 


5920 




630 


6003 


6087 


6170 


6364 


6337 


6431 


6504 


6688 


6671 


6754 




631 


6838 


6931 


7004 


7088 


7171 


7354 


7338 


7421 


7504 


7687 




633 


7671 


7754 


7837 


7930 


8003 


8086 


8169 


8263 


8336 


8419 




633 


8603 


8585 


8668 


8751 


8834 


8917 


9000 


9083 


9166 


9248 




534 


9331 


9414 


9497 


9580 


9663 

82 

0490 


9746 


9828 


9911 


9994 


..77 




636 


730159 


0343 


0336 


0407 


0673 


0655 


0738 


0621 


0903 




636 


0986 


1068 


1161 


1333 


1316 


1398 


.1481 


1563 


1646 


1728 




637 


1811 


1893 


,975 
3798 


3058 


3140 


3332 


2305 


2387 


2469 


2552 




638 


3634 


2716 


3881 


3963 


3046 


3127 


3209 


3291 


3374 




639 


3466 


3538 


3630 


3703 


3784 


3866 


3948 


4030 


4112 


4194 




630 


4376 


4358 


4440 


4533 


4604 


4685 


4767 


4849 


4931 


6013 




631 


6096 


5176 


5358 


5340 


5433 


5503 


6585 


5667 


5748 


6830 




633 


6913 


5993 


6075 


6156 


6338 


6320 


6401 


6483 


6564 


6646 




633 


6737 


6809 


6890 


6973 


7053 


7134 


7216 


7297 


7379 


7460 




634 


7541 


7633 


7704 


7785 


7866 


7948 


8029 


8110 


8191 


8273 




636 


8364 


8485 


8616 


8697 


8678 


8759 


8841 


8922 


9003 


9084 




636 


9165 


9346 


9337 


9403 


9489 


9570 


9651 


9732 


9813 


9893 




537 


9974 


..55 


.136 


.317 


.398 


.378 


.459 


.440 


.621 


.702 




638 


730783 


0863 


0944 


1034 


1105 


1186 


1266 


1347 


1428 


1508 




539 


1589 


1669 


1750 


1830 


1911 


1991 


2072 


2162 


2233 


2818 




640 


3394 


3474 


3555 


3636 


2715 


2796 


2876 


2966 


8037 


3117 




541 


8197 


3278 


3358 


3438 


3518 


3598 


3679 


3769 


3839 


8919 




643 


3999 


4079 


4160 


4240 


4330 


4400 


4480 


4560 


4640 


4730 




643 


4800 


4880 


4960 


5040 


6130 


5200 


5279 


5359 


6489 


6519 




644 


6599 


6679 


5759 


5838 


5918 
80 


6998 


6078 


6157 


6337 


6817 




645 


6397 


6476 


6556 


6636 


6715 


6795 


6874 


6964 


7034 


7118 




646 


7193 


7373 


7353 


7431 


7511 


7590 


7670 


7749 


7829 


7908 




647 


7987 


8067 


8146 


8336 


8305 


8384 


8468 


8648 


8633 


8701 




648 


8781 


8860 


8939 


9018 


9097 


9177 


9266 


9336 


9414 


9498 




649 


9573 


9661 


9781 


9810 


9889 


9968 


..47 


.126 


.306 


.384 



17 



19 


LOOAltlTHMl^ 1 


N. 





1 


3 


8 


\ 


6 


6 


7 

■ 


8 


9 


660 


740868 


0443 


0631 


0660 


0678 


0757 


0886 


0915 


0994 


1078 


661 


1163 


1380 


1309 


1888 


1467 


1546 


1634 


1703 


1782 


1860 


663 


1989 


9018 


3096 


3176 


3364 


3883 


3411 


9489 


2568 


0646 


663 


9736 


3804 


3883 


3961 


8089 


3118 


3196 


8275 


3363 


b431 


664 


8610 


8668 


8667 


8745 


8838 
79 

4606 


8903 


8980 


4058 


4136 


i|215 1 


666 


4998 


4871 


4449 


4538 


4684 


4763 


4840 


4919 


498^7 


666 


6076 


6168 


6381 


6309 


5887 


5465 


6543 


6621 


6699 


6777 


667 


6866 


6088 


6011 


6089 


6167 


6345 


6333 


6401 


6479 


6656 


668 


6684 


6713 


6790 


6868 


«946 


7023 


7101 


7179 


7356 


7334 


650 


7413 


7489 


7667 


7646 


7723 


7800 


7878 


7966 


8038 


8110 


660 


8188 


8366 


8848 


8«il 


8498 


8676 


8658 


8781 


8806 


8886 


661 


8968 


9040 


9118 


9195 


9273 


9350 


9437 


9504 


9683 


9660 


663 


9786 


9814 


9691 


9968 


..45 


.123 


.300 


.277 


.364 


.431 


668 


760608 


0686 


0663 


0740 


0817 


0694 


0971 


1048 


1125 


1303 


664 


1379 


1866 


1488 


1610 


1587 


1664 


1741 


1818 


1896 


1973 


666 


3048 


3136 


3303 


3379 


3856 


3433 


3509 


2686 


9663 


3740 


666 


3816 


3898 


3970 


8047 


8138 


3300 


3277 


3353 


8430 


8606 


667 


8683 


8660 


8786 


8813 


8889 


8966 


4043 


4119 


4195 


4373 


668 


4848 


4436 


4601 


4678 


4654 


4730 


4807 


4883 


4960 


6086 


669 


6113 


6189 


6366 


5841 


6417 


6494 


5570 


5646 


6733 


5799 


670 


6876 


6961 


6037 


6108 


6180 


6266 


6332 


6408 


6484 


6660 


671 


6636 


6713 


6788 


6864 


6940 


7016 


7093 


7168 


7344 


7330 


673 


7896 


7473 


7648 


7634 


7700 


7775 


7851 


7927 


8008 


8079 


673 


8166 


8380 


8306 


8383 


8468 


8583 


8609 


8685 


8761 


8836 


674 


8913 


AQSfi 
oooo 


9068 


9139 


9314 
74 

9970 


9390 


9366 


9441 


9617 


9693 


676 


9668 


9743 


9819 


9894 


..45 


.J31 


.196 


.272 


.347 


676 


760433 


0496 


0673 


0649 


0734 


0799 


0875 


0950 


1025 


1101 


577 


1176 


1361 


1336 


1403 


1477 


1652 


1627 


1702 


1778 


1863 


678 


1998 


3003 


9078 


2163 


3228 


2303 


2378 


2463 


2629 


3604 


679 


2679 


3764 


3829 


3904 


2978 


8053 


3128 


2208 


8278 


3353 


680 


8^8 


8608 


3678 


3653 


3727 


3802 


8877 


3952 


4027 


4101 


681 


4176 


4361 


4336 


4400 


4475 


4550 


4624 


4699 


4774 


4848 


683 


4938 


4998 


5073 


5147 


5221 


5296 


5370 


5445 


5620 


6694 


688 


6669 


6743 


6818 


5893 


5966 


6041 


6115 


6190 


6264 


6338 


684 


6418 


6487 


6563 


6636 


6710 


6785 


6859 


6933 


7007 


7083 


686 


7166 


7330 


7304 


7379 


7453 


7527 


7601 


7676 


7749 


7838 


686 


7898 


7973 


8046 


8190 


8194 


8268 


8343 


8416 


8490 


8664 


687 


8688 


8713 


8786 


8860 


8934 


9006 


9082 


9166 


9230 


9303 


688 


9377 


9461 


9626 


9599 


9673 


9746 


9620 


9894 


9968 


..43 


689 


770116 


0189 


0363 


0336 


0410 


0484 


0557 


0631 


0706 


0778 


690 


0663 


0936 


0999 


1078 


1146 


1220 


1398 


1367 


1440 


1514 


691 


1687 


1661 


1734 


1808 


1881 


1955 


3028 


2102 


2175 


3248 


693 


3833 


3396 


9^8 


3543 


2615 


2688 


3763 


2835 


2906 


2981 


698 


8066 


8138 


8301 


8374 


3348 


3421 


3494 
4335 


3567 


8640 


3713 


694 


8786 


8860 


8933 


4006 


4079 
78 

4809 


4152 


4298 


4371 


4444 


696 


4617 


4690 


4668 


4736 


4883 


4956 


5038 


5100 


6178 


606 


6346 


6319 


6893 


6466 


5538 


6610 


6688 


5756 


5829 


6902 


697 


6974 I 


6047 


6130 


6193 


6365 


6338 


6411 


6483 


6656 


6629 


698 


6701 


6774 


6846 


6919 


6993 


7064 


7187 


7209 


7282 


7364 


699 


7437 


7499 


7673 


7644 


7717 


7789 


7863 


7984 8006 


8079 



r 



OF NUMBERS. 13 


N. 





1 


3 


8 


4 


6 


6 


7 


8 


9 


600 


TI8161 


8334 


8396 


8868 


8441 


8518 


8685 


8668 


8780 


8808 


601 


8874 


8947 


9019 


9091 


9168 


9986 


0308 


9880 


9459 


9534 


603 


0696 


0069 


9741 


9618 


9886 


9967 


..99 


.101 


.173 


.945 


603 


780617 


0889 


0461 


0688 


0605 


0677 


0749 


0891 


0898 


0965 


604 


1037 


1109 


1181 


1358 


1834 

73 

9043 


.1896 


1468 


1540 


1619 


1684 


606 


1766 


1837 


1890 


1971 


3114 


3186 


9968 


8899 


9401 


606 


3478 


3544 


3616 


9688 


3760 


9881 


9909 


9974 


8046 


8117 


607 


8189 


8360 


8883 


8408 


8475 


8646 


8618 


8689 


8761 


8889 


608 


8904 


8976 


4046 


4118 


4189 


4961 


4889 


4408 


4476 


4646 


600 


4617 


4689 


4760 


4881 


4803 


4974 


6045 


6116 


6187 


6369 


610 


6880 


5401 


6473 


6548 


6615 


6686 


5767 


6838 


6899 


6970 


611 


6041 


6113 


6188 


6854 


6836 


6896 


6467 


6538 


6609 


6680 


613 


6751 


6833 


6898 


6064 


7085 


7106 


7177 


7948 


7319 


7890 


618 


7460 


7581 


7603 


7678 


7744 


7815 


7885 


7956 


8097 


8096 


614 


8168 


8389 


8810 


8881 


8451 


8599 


8R93 


8668 


8734 


8804 


616 


8876 


8946 


9016 


9067 


91IP7 


9988 


9999 


9869 


9440 


9610 


616 


9681 


9651 


9733 


9793 


9868 


9988 


...4 


..74 


.144 


.216 


617 


790385 


0866 


0496 


0496 


0667 


0687 


0707 


0778 


0648 


0918 


618 


0088 


1069 


1199 


1199 


1369 


1340 


1410 


1480 


1550 


1620 


619 


1691 


1761 


1881 


1901 


1971 


9041 


9111 


9181 


9959 


9899 


690 


3893 


3463 


3683 


3603 


3673 


9749 


9819 


9889 


9969 


8099 


631 


8003 


8163 


8381 


8801 


8871 


8441' 


8511 


8681 


8651 


3791 


633 


8790 


8860 


8930 


4000 


4070 


4139 


4909 


4979 


4349 


4418 


638 


4488 


4668 


4637 


4697 


4767 


4886 


4906 


4976 


6045 


5115 


634 


5186 


6354 


6834 


5898 


5468 
69 


6539 


6603 


5679 


6741 


6611 


636 


6880 


6049 


6019 


6088 


WW 

6168 


6997 


6897 


6866 


6486 


6605 


636 


6674 


6644 


6718 


6783 


6863 


6991 


6990 


7060 


7199 


7198 


637 


7368 


7887 


7406 


7476 


7645 


7614 


7683 


7753 


7821 


7890 


638 


7960 


8039 


8098 


8167 


8986 


8306 


8374 


8443 


8513 


8582 


639 


8651 


8730 


8789 


8868 


8997 


8996 


9066 


6134 


9203 


9279 


680 


9841 


9409 


9478 


9547 


9610 


9685 


9764 


9693 


9899 


9961 


681 


800036 


0098 


0167 


0386 


0306 


0373 


0442 


0511 


0680 


0648 


683 


0717 


0786 


0664 


0933 


0999 


1061 


1129 


1198 


1266 


1336 


688 


1404 


1473 


1541 


1609 


1678 


1747 


1816 


1884 


1952 


2021 


684 


3089 


3158 


3336 


3295 


9363 


9439 


2500 


2668 


2637 


2705 


686 


3774 


8843 


3910 


3979 


8047 


3116 


3184 


3252 


8321 


3389 


686 


8467 


3535 


8694 


8669 


8730 


3798 


8867 


3936 


4003 


4071 


637 


4139 


4906 


4976 


4364 


4419 


4480 


4548 


4616 


4686 


4763 


688 


4821 


4889 


4967 


5036 


5093 


6161 


6229 


6297 


5365 


5433 


689 


5601 


6669 


6637 


5706 


5778 


6841 


6906 


6976 


6044 


6112 


640 


6180 


6348 


6816 


6384 


6451 


6519 


6687 


6666 


6793 


6790 


641 


6868 


6936 


6994 


7061 


7189 


7157 


7264 


7332 


7400 


7467 


643 


7635 


7606 


7670 


7788 


7806 


7878 


7941 


8006 


8076 


8143 


648 


8311 


8979 


8846 


8414 


8481 


8549 


8616 


8684 


8761 


8818 


644 


oaao 


8958 


9031 


9088 


9166 


9993 


9990 


9368 


9495 


9492 


646 


0660 


9687 


0694 


9763 


9899 


9696 


9964 


..81 


. .90 


.166 


646 


810388 


0300 


0367 


0434 


0601 


0696 


0636 


0708 


0770 


0837 


647 


0904 


0971 


1089 


1106 


1173 


1940 


1307 


1874 


1441 


1508 


648 


1675 


1643 


1700 


1776 


1848 


1910 


1977 


2044 


9111 


9178 


649 


3946 


3313 


3879 1 3446 


9519 


9679 


9646 


9713 


9780 


9847 



14 


LOGARITHMS 


N. 





I 


3 


8 


4 


6 


6 


7 


8 


9 


660 


812918 


2980 


3047 


3114 


3181 


3247 


3814 


8881 


8448 


3514 


661 


8581 


3648 


8714 


3781 


3848 


3914 


8981 


4048 


4114 


4181 


652 


4248 


4314 


4381 


4447 


4614 


4581 


4647 


4714 


4780 


4847 


653 


4913 


4980 


5046 


6113 


6179 


6246 


6312 


5378 


5446 


5511 


654 


5578 


5644 


5711 


5777 


5648 
67 

6506 


6910 


5976 


6042 


6109 


6175 


656 


6241 


6306 


6374 


6440 


6573 


6639 


6705 


6771 


6838 


666 


6904 


6970 


7036 


7102 


7169 


7233 


7301 


7367 


7433 


7499 


667 


7565 


7631 


7696 


7764 


7830 


7896 


7962 


8028 


8094 


8160 


658 


8226 


8292 


8368 


8424 


8490 


8656 


8622 


8688 


8764 


8820 


669 


8885 


8951 


9017 


9063 


9149 


9216 


9281 


9346 


9412 


9478 


660 


9544 


9610 


9676 


9741 


9807 


9873 


9989 


...4 


..70 


.136 


661 


820201 


0267 


0333 


0399 


0464 


0630 


0695 


0661 


0727 


0792 


662 


0858 


0924 


0989 


1056 


1120 


1186 


1261 


1317 


1382 


1448 


663 


1514 


1579 


1645 


1710 


1776 


1841 


1906 


1972 


2037 


2103 


664 


2168 


2233 


2299 


2364 


2430 


2496 


2560 


2626 


2691 


2756 


665 


2822 


2887 


2952 


3018 


8068 


3148 


3218 


3279 


3344 


3409 


666 


3474 


3639 


3606 


3670 


3736 


3800 


3866 


3930 


3996 


4061 


667 


4126 


4191 


4266 


4321 


4386 


4461 


4516 


4581 


4646 


4711 


668 


4776 


4841 


4906 


4971 


6036 


6101 


5166 


5231 


5296 


5361 


669 


5426 


6491 


5556 


5621 


6686 


5751 


5816 


6880 


5946 


6010 


670 


6075 


6140 


6204 


6269 


6334 


6399 


6464 


6628 


6693 


6658 


671 


6723 


6787 


6852 


6917 


6981 


7046 


7111 


7175 


7240 


7305 


672 


7369 


7434 


7499 


7563 


7628 


7692 


7767 


7821 


7886 


7961 


673 


8015 


8080 


8144 


8209 


8273 


6338 


8402 


8467 


8531 


8696 


674 


8660 


8724 


8789 


8853 


8918 
65 

9661 


8982 


9046 


9111 


9175 


9239 


675 


9304 


9368 


9432 


9497 


9625 


9690 


9754 


9618 


9682 


676 


9947 


..11 


..75 


.139 


.204 


.268 


.332 


.396 


.460 


.525 


677 


830689 


0663 


0717 


0781 


0646 


0909 


0973 


1037 


1102 


1166 


678 


1230 


1294 


1358 


1422 


1486 


1660 


1614 


1678 


1742 


1806 


679 


1870 


1934 


1996 


2062 


2126 


2189 


2268 


2317 


2381 


2445 


680 


2609 


2673 


2637 


2700 


2764 


2828 


2892 


2966 


3020 


3063 


681 


8147 


3211 


3276 


8338 


3402 


3466 


3530 


3693 


3667 


3721 


682 


8784 


3848 


3912 


3976 


4039 


4103 


4166 


4230 


4294 


4357 


683 


4421 


4484 


4648 


4611 


4676 


4739 


4802 


4866 


4929 


4993 


684 


6056 


5120 


5183 


6247 


5310 


6373 


5437 


5500 


5664 


5627 


686 


5691 


6764 


5817 


5881 


6944 


6007 


6071 


6134 


6197 


6261 


686 


6324 


6387 


6461 


6614 


6677 


6641 


6704 


6767 


6830 


6894 


687 


6967 


7020 


7088 


7146 


7210 


7273 


7336 


7399 


7462 


7625 


688 


7588 


7652 


7715 


7778 


7841 


7904 


7967 


8030 


8093 


8166 


689 


8219 


8282 


8346 


8406 


8471 


8584 


8597 


8660 


8723 


8786 


690 


8849 


8912 


8976 


9038 


9109 


9164 


9227 


9289 


9362 


9415 


691 


9478 


9641 i 9604 


9667 


9729 


9792 


9855 


9918 


9981 


..43 


692 


840106 


0169 0232 


0294 


0367 


0420 


0482 


0546 


0608 


0671 


693 


0783 


0796 0869 


0921 


0984 


1046 


1109 


1172 


1284 


1297 


694 


1369 


1422 1 1486 

1 


1547 


1610 
62 


1672 


1735 


1797 


1860 


1922 


696 


1966 


2047 2110 


2172 


2236 


2297 


2860 


2422 


2484 


2647 


696 


2609 


2672 2734 


2796 


2859 


2921 


2983 


3046 


8106 


3170 


697 


3233 


3296 3367 


3420 


3482 


3544 


3606 


3669 


3731 


3793 


698 


3866 


3918 3980 


4042 


4104 


4166 


4229 


4291 


4353 


4416 


699 


4477 


4639 4601 


4664 

■■■■■■V I 


4726 


4788 


4850 


4912 


4974 


5036 







OF NUMBERS. 15 




N. 





1 


3 


8 


4 


6 


« 


7 


8 


9 




700 


84S098 


6160 


6333 


6384 


6846 


6408 


6470 


6633 


6694 


5666 




•roi 


6718 


6780 


6843 


6904 


6986 


6038 


6090 


6161 


6318 


6396 




703 


6337 


6899 


6461 


6638 


6686 


6646 


6708 


6770 


6886 


6894 




703 


6966 


7017 


7079 


7141 


7a>3 


7964 


7396 


7388 


7448 


7511 


1 


704 


7678 


7634 


7676 


7768 


7819 
62 

8486 


7861 


7943 


4004 


8086 


8188 


' 


706 


8189 


8361 


8813 


8874 


8497 


8669 


8680 


8683 


8748 




706 


8806 


8866 


8938 


89S9 


9061 


9113 


9174 


9385 


9397 


9358 


1 


707 


9419 


9481 


9643 


9G04 


9666 


9796 


9788 


9849 


9911 


9973 




708 


860033 


0096 


0166 


0317 


0379 


0340 


0401 


0463 


0534 


0685 




709 


0646 


0707 


0769 

1 


0630 


0881 


0963 


1014 


1076 


1186 


1197 




710 


1368 


1330 


1881 


14^ 


1608' 


1664 


1606 


1686 


1747 


1809 




711 


1870 


1931 


1993 


3063 


3114 


3176 


3086 


3897 


8868 


3419 




713 


3480 


3641 


3603 


3663 


3784 


3786 


3846 


8907 


8968 


8089 




713 


8090 


8160 


3311 


3373 


3383 


8394 


8466 


3516 


8677 


8687 




714 


8698 


8769 


8830 


3881 


6941 


4003 


4068 


4134 


4186 


4345 




716 


4806 


4367 


4438 


4488 


4649 


46W 


mo 


4781 


4798 


4868 




716 


4918 


4974 


6084 


6096 


6166 


6316 


6877 


5887 


5808 


5469 




717 


6619 


6680 


6640 


6701 


6761 


6883 


6888 


5943 


6003 


6064 




718 


6134 


6186 


6346 


6306 


6866 


6487 


6487 


8548 


6606 


6668 




719 


6739 


6789 


6860 


6910 


6OT0 


7081 


9691 


7158 


9813 


7373 




790 


7383 


7893 


7463 


7618 


7674 


7684 


7694 


7755 


7815 


7875 




731 


7936 


7996 


8666 


8116 


8176 


8886 


8997 


6357 


8ti7 


8477 




733 


8637 


8697 


8667 


8718 


8778 


8838 


8898 


8958 


8018 


9078 




733 


9188 


9198 


9368 


9818 


9879 


9489 


9499 


9668 


9619 


9679 




734 


9739 


9'799 


9869 


9918 


9978 
60 

0678 


..88 


*.'.86 


.158 


.918 


^338 




736 


860388 


0398 


04)58 


9618 


0687 


0697 


<ni57 


0817 


0877 




736 


0937 


0996 


1066 


1116 


1176 


1336 


1896 


1355 


1415 


1475 




737 


1634 


1694 


1664 


1714 


1776 


18^ 


1898 


1918 


Qsnu. 


8073 




738 


3131 


3191 


3361 


3310 


3870 


3430 


3489 


8540 


9606 


itoes 




739 


3738 


3787 


3847 


3966 


3966 


8036 


8066 


4a44 


8904 


8968 




730 


8838 


8883 


8443 


mn. 


8661 


8690 


8680 


8989 


8790 


8868 




781 


8917 


8977 


4086 


4006 


4166 


4314 


4Sn4 


4888 


4899 


4469 




78S 


4611 


4670 


4680 


4689 


4148 


4868 


4867 


4696 


4886 


6046 




788 


6104 


6163 


6833 


6383 


6841 


8400 


6469 


6519 


6578 


6687 




784 


0090 


6766 


6814 


6874 


6988 


6908 


6061 


'6110 


6169 


6888 




786 


6387 


6846 


6406 


6466 


6604 


6888 


6643 


6701 


8780 


6819 




786 


6878 


6987 


6996 


7066 


7114 


7178 


7388 


7381 


7860 


7409 




787 


7467 


7636 


7686 


7644 


7703 


7763 


7881 


7880 


7989 


7998 




738 


8066 


8116 


8174 


8383 


8393 


8860 


8409 


8468 


8687 


8586 




789 


8644 


8703 


8763 


8831 


8879 


8888 


8997 


9066 


9114 


9178 




740 


9383 


9390 


9iM9 


VIUU 


9466 


9636 


9684 


9648 


9701 


9760 




741 


8618 


9877 


9986 


9994 


..68 


.111 


.170 


.988 


.987 


.845 




743 


870404 


0463 


0631 


0679 


0688 


0696 


0756 


0818 


0879 


0980 




748 


0989 


1047 


1106 


1164 


1388 


1381 


1889 


1898 


1456 


1515 




744 


1678 


1631 


1690 


1748 


1806 
69 

8889 


1866 


1988 


1981 


9040 


8096 




746 


3166 


3316 


3978 


3881 


3448 


3506 


3564 


9633 


8681 




746 


3739 


3797 


3866 


3918 


3973 


3080 


8088 


8146 


3804 


8368 




747 


8831 


8879 


8487 


8496 


3668 


8611 


8669 


3737 


8785 


8844 




748 


8903 


8960 


4018 


4076 


4184 


4193 


4360 


4808 


4860 


4«M 


^ 


74§ 


4483 


4640 


4608 


4666 


4714 


4773 


4880 


4888 


4946 


5008 



■^T 



16 


LOGARITHMS 






N. 





1 


3 


3 


4 


5 


6 


7 


8 


9 


760 


876061 


6119 


6177 


6335 


5393 


5361 


5409 


5466 


5534 


6582 


761 


6640 


6696 


6756 


5813 


6871 


6939 


5987 


6045 


6103 


6160 


763 


6318 


6376 


6333 


6391 


6449 


6507 


6564 


6623 


6680 


6737 


763 


6796 


6853 


6910 


6968 


7026 


7083 


7141 


7199 


7356 


7314 


764 


7371 


7439 


7487 


7544 


7603 
57 

8177 


7659 


7717 


7774 


7833 


7889 


766 


7947 


8004 


8063 


8119 


8334 


8293 


8849 


8407 


8464 


766 


8633 


8679 


8637 


8694 


8753 


8809 


8866 


8934 


8981 


9039 


767 


9096 


9163 


9311 


9368 


9336 


9383 


9440 


9497 


9555 


9613 


768 


9669 


9736 


9784 


9841 


9698 


9956 


..13 


..70 


.127 


.186 


769 


880343 


0399 


0356 


0413 


0471 


0538 


0580 


0643 


0699 


0766 


760 


0614 


0871 


0938 


0985 


1042 


1099 


1156 


1213 


1871 


1328 


761 


1386 


1443 


1499 


1656 


1613 


1670 


1737 


1784 


1841 


1898 


763 


1966 


3013 


3069 


3136 


3183 


3340 


2297 


2354 


3411 


2468 


763 


3636 


3681 


3638 


2695 


3753 


3809 


8866 


2923 


8980 


3037 


764 


3093 


3160 


3307 


3364 


3331 


3377 


3434 


3491 


3548 


3605 


766 


3661 


8718 


3776 


3883 


3888 


3945 


4003 


4059 


4115 


4172 


766 


4239 


4385 


43^ 


4399 


4455 


4513 


4569 


4625 


4682 


4739 


767 


4796 


4853 


4909 


4965 


5033 


6078 


5185 


5193 


5248 


5305 


768 


6861 


5418 


6474 


5531 


5587 


5644 


5700 


5757 


5813 


5870 


769 


6936 


6988 


6039 


6096 


6163 


6309 


6366 


6331 


6378 


6434 


770 


6481 


6547 


6604 


6660 


6716 


6773 


6839 


6885 


6942 


6998 


771 


7064 


7111 


7167 


7333 


7380 


7336 


7393 


7449 


7505 


7561 


773 


7617 


7674 


7730 


7786 


7843 


7898 


7955 


8011 


8067 


8123 


773 


8179 


8336 


8393 


8348 


8404 


8460 


8516 


8573 


8629 


8655 


774 


8741 


8797 


8853 


8909 


8966 

56 

9636 


9021 


9077 


9134 


9190 


9246 


776 


9303 


9368 


9414 


9470 


9582 


9638 


9694 


9750 


9806 


776 


9663 


9918 


0974 


..30 


..86 


.141 


.197 


.253 


.309 


.366 


777 


890431 


0477 


0533 


0689 


0645 


0700 


0756 


0812 


0868 


0924 


778 


0980 


1036 


1091 


1147 


1303 


1259 


1314 


1370 


1426 


1482 


779 


1687 


1693 


1649 


1705 


1760 


1816 


1873 


1928 


1983 


2039 


780 


3096 


3160 


3806 


2363 


3317 


2373 


3439 


2484 


2540 


2595 


781 


3651 


3707 


3763 


3818 


3873 


2929 


8985 


3040 


3096 


3151 


783 


3307 


3363 


3318 


3373 


3439 


3484 


3540 


3595 


3661 


3706 


788 


3763 


3817 


3873 


8938 


3984 


4039 


4094 


4150 


4205 


4261 


784 


4316 


4371 


4437 


4482 


4538 


4693 


4648 


4704 


4759 


4814 


786 


4870 


4935 


4980 


6036 


6091 


6146 


5801 


6257 


5313 


5367 


786 


6433 


5478 


6533 


6688 


6644 


5699 


5754 


5809 


6864 


5920 


787 


6976 


6030 


6065 


6140 


6196 


6251 


6306 


6361 


6416 


6471 


788 


6686 


6581 


6636 


6692 


6747 


6802 


6867 


6912 


6967 


7022 


789 


7077 


7133 


7187 


7242 


7397 


7362 


7407 


7462 


7617 


7572 


790 


7637 


7683 


7737 


7792 


7847 


7902 


7957 


8012 


8067 


8122 


791 


8176 


8331 


8386 


8341 


8396 


8451 


8506 


8561 


8615 


8670 


793 


8735 


8780 


8835 


8890 


8944 


8999 


9064 


9109 


9164 


9218 


793 


9373 


9338 


9383 


9437 


9493 


9547 


9602 


9666 


9711 


9766 


794 


9631 


9875 


9930 


9986 


..39 
55 


. .94 


.149 


.203 


.258 


.312 


795 


900367 


0433 


0476 


0631 


0686 


0640 


0695 


0749 


0804 


0859 


796 


0913 


0968 


1033 


1077 


1131 


1186 


1340 


1295 


1349 


1404 


797 


1458 


1513 


1567 


1633 


1676 


1736 


1785 


1840 


lbi^4 


1948 


798 


3003 


3067 


3113 


3166 


3331 


2275 2339 


2384 


2438 


2492 


799 


8647 


3601 


2666 


3710 3764 


2818 3873 


2927 


2081 


3036 



1 — 


OF NUMBERS 


17 


N. 





1 


3 


3 


4 


5 


6 


7 


8 


9 


800 


908090 


8144 


8199 


3358 


3307 


3361 


3416 


8470 


3634 


8678 


801 


8633 


3687 


3741 


3795 


3849 


3904 


3958 


4012 


4066 


4120 


803 


4174 


4339 


4383 


4337 


4391 


4445 


4499 


4663 


4607 


4661 


803 


4716 


4770 


4824 


4878 


4932 


4986 


6040 


6094 


6148 


6202 


804 


6366 


6310 


6364 


6418 


6472 

54 

6013 


5526 


6580 


6634 


6688 


6743 


806 


6796 


6850 


6904 


6968 


6066 


6119 


6173 


6337 


6381 


806 


6336 


6389 


6443 


6497 


6661 


6604 


6658 


6712 


6766 


6830 


807 


6874 


6937 


6981 


7036 


7089 


7143 


7196 


7250 


7304 


7368 


806 


7411 


7465 


7519 


7573 


7636 


7680 


7784 


7787 


7841 


7896 


809 


7949 


8003 


8066 


8110 


8163 


8217 


8370 


8824 


8378 


8431 


810 


B486 


8639 


8593 


8646 


8699 


8763 


8807 


8860 


8914 


8967 


811 


9031 


9074 


9138 


9181 


9336 


9289 


9343 


9396 


9449 


9603 


813 


9666 


9610 


9663 


9716 


9770 


9823 


9877 


9930 


9984 


..87 


818 


910091 


0144 


0197 


0351 


0304 


0368 


0411 


0464 


0618 


0571 


814 


0634 


0678 


0731 


0784 


0888 


0691 


0944 


0998 


1051 


1104 


816 


1168 


1311 


1364 


1317 


1371 


1434 


1477 


1630 


1684 


1687 


816 


1690 


1743 


1797 


1850 


1903 


1966 


2009 


2063 


2116 


2169 


817 


3333 


3375 


3323 


3381 


3436 


2488 


2541 


2694 


2645 


2700 


818 


3763 


3806 


3859 


3913 


3966 


3019 


3072 


3125 


3178 


3231 


819 


3384 


3837 


3390 


3443 


3496 


8649 


3602 


3655 


3708 


3761 


830 


8814 


8867 


3930 


3973 


4026 


4079 


4183 


4184 


4237 


4290 


831 


4343 


4396 


4449 


4603 


4655 


4608 


4660 


4713 


4766 


4819 


833 


4873 


4936 


4977 


5030 


5083 


5136 


6189 


5241 


6694 


6347 


833 


6400 


6453 


5505 


5558 


6611 


5664 


6716 


5769 


5822 


6875 


834 


6937 


6980 


6033 


6085 


6138 


6191 


6243 


6296 


6349 


6401 


836 


6464 


6607 


6569 


6613 


6664 


6717 


6770 


6822 


6875 


6927 


836 


6980 


7033 


7086 


7138 


7190 


7343 


7295 


7348 


7400 


7463 


837 


7606 


7558 


7611 


7663 


7716 


7768 


7820 


7873 


7925 


7978 


838 


8030 


8083 


8185 


8188 


8240 


8393 


8345 


8397 


8450 


8502 


839 


8666 


8607 


8669 


8713 


8764 


8816 


8869 


8921 


8973 


9026 


830 


9078 


9130 


9183 


9335 


9387 


9340 


9392 


9444 


9496 


9649 


831 


9601 


9653 


9706 


9758 


9810 


9863 


9914 


9967 


..19 


..71 


833 


930133 


0176 


0228 


0280 


0332 


0384 


0436 


0489 


0641 


0593 


833 


0646 


0697 


0749 


0801 


0863 


0908 


0958 


1010 


1062 


1114 


B84 


1166 


1218 


1370 


1333 


1374 


1426 


1478 


1530 


1582 


1634 


836 


1686 


1738 


1790 


1843 


1894 


1946 


1998 


2050 


2102 


3164 


836 


3306 


3368 


2310 


2363 


3414 


2466 


2518 


2670 


2622 


2674 


837 


3736 


3777 


2829 


3881 


2933 


3986 


3037 


3089 


3140 


3192 


838 


3344 


3296 


3348 


3399 


3451 


3503 


3666 


3607 


3658 


8710 


889 


3763 


3814 


3865 


3917 


3969 


4021 


4072 


4124 


4147 


4228 


840 


4379 


4331 


4383 


4434 


4486 


4538 


4689 


4641 


4693 


4744 


841 


4796 


4848 


4899 


4951 


6003 


5054 


5106 


5157 


6209 


6261 


843 


6313 


5364 


5416 


5467 


6618 


6670 


5621 


5673 


5725 


5776 


843 


6828 


5874 


6931 


5982 


6034 


6085 


6137 


6188 


6240 


6291 


844 


6343 


6394 


6446 


6497 


6548 

52 

7062 


6600 


6651 


6702 


6754 


6806 


846 


6857 


6908 


6959 


7011 


7114 


7166 


7216 


7268 


7319 


846 


7370 


7423 


7473 


7524 


7576 


7627 


7678 


7730 


7783 


7832 


847 


7883 


7936 


7986 


8037 


8088 


8140 


8191 


8242 


8293 


8346 


848 


8396 8447 


8498 


8549 


8601 


8652 


8703 


8764 


8803 


8857 


849 


8908 8959 


9010 


9061 


9112 


9163 


9216 


9266 


9317 


9368 



18 


LOaARITHMS 


N. 





I 


3 8 


4 


5 


6 


7 


8 


9 


860 


930419 


9478 


0631 


9673 


9633 


9674 


973(> 


9776 


9697 


9879 


851 


0080 


9981 


..83 


..88 


.134 


.185 


.336 


.387 


.838 


«8ov 


863 


980440 


0401 


0643 


0693 


0648 


0694 


0746 


0796 


0847 


0886 


866 


0048 


1000 


1051 


1103 


1168 


1304 


1354 


1305 


1866 


1407 


854 


1468 


1609 


1660 


1610 


1661 
51 

3169 


1713 


1768 


1814 


1866 


1915 


866 


1966 


9017 


9066 


3118 


3330 


3371 


383!^ 


3873 


3433 


866 


3474 


3684 


3675 


3636 


9677 


3737 


3778 


3839 


3879 


8980 


867 


9981 


8081 


8083 


8188 


8188 


8984 


8385 


3835 


8386 


8487 


868 


8487 


8688 


8689 


8639 


8690 


3740 


3791 


8841 


3893 


8943 


860 


809$ 


4044 


4094 


414«^ 


4196 


4346 


4360 


4847 


4397 


4448 


860 


4486 


4649 


4699 


4660 


4700 


4751 


4801 


4853 


4903 


4053 


861 


6003 


6054 


6104 


6154 


6305 


6365 


530^ 


6366 


5406 


5457 


863 


6607 


5558 


6608 


6658 


5709 


5759 


6800 


5860 


5910 


5960 


863 


6on 


6061 


6111 


6163 


6313 


6363 


6818 


6368 


6413 


6468 


864 


6514 


6664 


6614 


&m 


6716 


6765 


681^ 


6865 


6916 


6966 


865 


7016 


7066 


7117 


7167 


7317 


7367 


7817 


7367 


7418 


7468 


866 


7618 


7668 


7618 


7669 


7718 


7769 


7819 


7869 


7919 


7969 


867 


8019 


8069 


8119 


8160 


8319 


8369 


8330 


8370 


8420 


8470 


868 


8530 


8670 


8630 


8670 


8730 


8770 


8830 


8870 


8919 


8870 


869 


9030 


9070 


9130 


9170 


9330 


9370 


9330 


9369 


9419 


9469 


870 


9519 


9560 


9616 


9668 


0719 


9769 


9819 


9869 


9018 


9968 


871 


940018 


0069 


0118 


0168 


0318 


0367 


0317 


0867 


0417 


0467 


873 


0516 


0666 


0616 


0666 


0716 


0765 


0615 


0865 


0916 


0964 


878 


1014 


1064 


1114 


1168 


1313 


1363 


1313 


1363 


1413 


1463 


874 


1611 


1661 


1611 


1660 


1710 


1760 


1809 


1859 


1909 


1958 


875 


3006 


3068 


3107 


3157 


3307 


3366 


3306 


3855 


3406 


3455 


876 


3504 


3554 


3608 


3658 


3703 


3753 


3801 


386} 


3901 


3950 


877 


8000 


3049 


8099 


8148 


3198 


8347 


3297 


3346 


3396 


3445 


878 


8495 


3544 


8698 


8648 


8693 


3743 


3791 


3841 


8880 


3939 


879 


8989 


4038 


4068 


4137 


418Q 


4336 


4385 


4835 


4384 


4438 


880 


4483 


4683 


4681 


4681 


4680 


4739 


4779 


ABHa 


4877 


4937 


881 


4976 


6035 


6074 


5134 


5173 


5323 


5273 


5321 


5370 


5419 


883 


5469 


5518 


5667 


6616 


6665 


5716 


5764 


6813 


586D 


6913 


888 


6961 


6010 


6059 


6108 


6157 


6307 


6356 


6305 


6354 


6403 


884 


6453 


6501 


6551 


6600 


6649 


6698 


6747 


6796 


6645 


6894 


886 


6943 


6993 


7041 


7090 


7140 


7189 


7238 


7387 


7886 


7386 


886 


7434 


7483 


7533 


7581 


7630 


7679 


7738 


7777 


7826 


7876 


887 


7934 


7978 


8033 


8070 


8119 


8168 


8317 


8366 


8816 


8365 


888 


8413 


8463 


8511 


8560 


8609 


8667 


8706 


8765 


8604 


8868 


889 


8903 


8961 


8999 


9048 


9097 


9146 


9195 


9244 


9292 


9341 


890 


9390 


9489 


9488 


9586 


9686 


9684 


9683 


9781 


9760 


9839 


891 


9878 


9936 


9975 


..84 


..73 


.121 


.170 


.219 


.267 


.316 


893 


950365 


0414 


0463 


0511 


0660 


0606 


0657 


0706 


0754 


0803 


893 


0651 


0900 


0949 


0997 


1046 


1095 


1143 


1192 


1240 


1389 


894 


1388 


1886 


1435 


1483 


1533 

48 

3017 


1680 


1639 


1677 


1726 


17 ?6 


896 


1833 


1873 


1930 


1969 


3066 


3114 


3163 


2211 


3360 


896 


3306 


3366 


3405 


3453 


3503 


3550 


3599 


2647 


6696 


3744 


897 


3793 


3841 


2889 


3988 


2986 


3034 


3083 


3131 


3180 


8228 


896 


3376 


3335 


3373 


3431 


3470 


3618 


3666 


3615 


3663 


3711 


899 

1 ^^^^ 


8760 


3806 


3866 


3906 


8958 


4001 


4049 


4098 


4146 


4194 



i 





OF NUMBERS. 19 | 






^ 1 1 


o 


o 


A 


K 


A 


rr 


Q 


ft 




inA 


f 


















964243 

4726 


•4391- 
4773 


4839 
4831 


4887 
4869 


4436 
4918 


4484 
4966 


4682 
6014 


4680 
6062 


Anna 

6110 


4677 
6168 




901 




903 


6207 


6266 


6303 


6361 


6399 


6447 


6496 


6643 


6692 


6640 




903 


6688 


6736 


6784 


6833 


6880 


6938 


6976 


6024 


6072 


6120 




904 


6168 


6316 


6366 


6813 


6361 

48 

6840 


6409 


6467 


6606 


6563 


6601 




906 


6649 


6697 


6746 


6798 


6888 


6936 


6984 


7032 


7060 




906 


7128 


7176 


7334 


7373 


7320 


7368 


7416 


7464 


7612 


7559 




907 


7607 7666 | 


7703 


7761 


7799 


7847 


7894 


7942 


7990 


8038 




908 


8086 


8134 


8181 


8339 


8277 


8336 


8373 


8421 


8468 


8516 




909 


8664 


8612 


8669 


8707 


8766 


8803 


8860 


8896 


8946 


8994 




910 


9041 


9069 


9187 


9186 


9333 


9380 


9838 


9376 


9433 


9471 




911 


9618 


9666 


9614 


9661 


9709 


9767 


9804 


9862 


9900 


9947 




912 


9996 


..42 


..90 


.138 


.186 


.333 


.380 


.328 


.376 


.423 




913 


960471 


0618 


0666 


0613 


0661 


0709 


0756 


0804 


0661 


0699 




914 


0946 


0994 


1041 


1089 


1136 


1184 


1331 


1279 


1326 


1374 




• 

916 


1421 


1469 


1616 


1663 


1611 


1668 


1706 


1763 


1801 


1848 




916 


1895 


1943 


1990 


3038 


3066 


3133 


3180 


2227 


2276 


2322 




917 


2369 


2417 


3464 


3611 


3669 


3606 


3663 


2701 


2748 


2796 




918 


2843 


2890 


3987 


3966 


8033 


3079 


3136 


3174 


3221 


3268 




919 


8316 


3363 


8410 


8467 


8604 


8663 


8599 


3646 


3693 


3741 




920 


8788 


8836 


8883 


3939 


3977 


4024 


4071 


4118 


4166 


4313 




921 


4260 


4807 


4364 


4401 


4448 


4496 


4642 


4590 


4637 


4684 




922 


4731 


4778 


4836 


4873 


4919 


4966 


6013 


6061 


6108 


6156 




923 


5202 


6249 


6396 


6343 


6390 


6437 


6484 


6631 


6578 


6626 




924 


6672 


6719 


6766 


6813 


6860 


6907 


6964 


6001 


6048 


6096 




926 


6142 


6189 


6386 


6383 


6339 


6376 


6423 


6470 


6617 


6664 




926 


6611 


6668 


6706 


6763 


6799 


6846 


6892 


6939 


6986 


7033 




927 


7080 


7127 


7173 


7330 


7267 


7314 


7361 


7408 


7454 


7501 




928 


7648 


7696 


7643 


7688 


7736 


7782 


7829 


7875 


7922 


7969 




929 


8016 


8062 


8109 


8166 


8203 


8249 


8396 


8343 


8390 


8436 




930 


8483 


8630 


8676 


8633 


8670 


8716 


8763 


8810 


8866 


8903 




931 


8960 


8996 


9043 


9090 


9136 


9183 


9329 


9276 


9323 


9369 




932 


9416 


9463 


9609 


9666 


9602 


9649 


9696 


9742 


9789 


9836 




933 


9882 


9928 


9976 


..31 


..68 


.114 


.161 


.207 


.264 


.300 




934 


970347 


0393 


0440 


0486 


0633 


0679 


0626 


0672 


0719 


0766 




936 


0612 


0868 


0904 


0961 


0997 


1044 


1090 


1187 


1183 


1329 




936 


1276 


1823 


1369 


1416 


1461 


1608 


1664 


1601 


1647 


1693 




937 


1740 


1786 


1833 


1879 


1926 


1971 


2018 


2064 


2110 


2167 




938 


2203 


2249 


3396 


3343 


3888 


3484 


2481 


2627 


2673 


2619 




939 


2666 


2712 


3768 


3804 


3861 


3897 


2943 


2989 


3036 


3083 




940 


3128 


3174 


3330 


3366 


3313 


3369 


3406 


3461 


3497 


3643 




941 


3690 


8636 


3682 


8738 


3774 


3830 


8866 


3913 


3959 


4006 




942 


4061 


4097 


4148 


4189 


4336 


4281 


4327 


4374 


4420 


4466 




943 


4612 


4668 


4604 


4660 


4696 


4742 


4788 


4834 


4880 


4936 




944 


4972 


6018 


6064 


6110 


6166 
46 


6202 


6248 


6294 


6340 


6386 




946 


6432 


6478 


6634 


6670 


6616 


6663 


6707 


6763 


6799 


6846 




946 


6891 


6937 


6988 


6029 


6076 


6131 


6167 


6212 


6268 


6304 




947 


6350 


6396 


6443 


6488 


6633 


6579 


6926 


6671 


6717 


6763 


• 


948 


6803 


6864 


6900 


6946 


6993 


7037 


7083 


7129 


7176 


7330 




949 


7266 


7312 


7868 


7403 


7449 


7496 


7641 


7586 


7632 


7678 





90 


LOGARITHMS 




N. 





1 


2 


3 


4 


6 


6 


7 


8 


9 I 


960 


977724 


7769 


7815 


7861 


7906 


7952 


7998 


8043 


8089 


8135 


951 


8181 


8226 


8272 


8317 


8363 


8409 


8454 


8500 


8546 


8591 


962 


8637 


8683 


8728 


8774 


8819 


8865 


8911 


8966 


9002 


9047 


963 


9003 


9138 


9184 


9230 


9275 


9321 


9366 


9412 


9457 


9603 


964 


9548 


9694 


9639 


9686 


9730 
46 

0186 


9776 


9821 


9867 


9912 


9968 


966 


980003 


0049 


0094 


0140 


0231 


0276 


0322 


0367 


0412 


966 


0468 


0603 


0549 


0594 


0640 


0685 


0730 


0776 


0821 


0867 


967 


0912 


0957 


1003 


1048 


1093 


1139 


1184 


1229 


1275 


1320 


968 


1366 


1411 


1466 


1601 


1647 


1692 


1637 


1683 


1728 


1773 


969 


1819 


1864 


1909 


1964 


2000 


2045 


2090 


2135 


2181 


2226 


960 


2271 


2316 


2362 


2407 


2462 


2497 


2643 


2688 


2633 


2678 


961 


2723 


2769 


2814 


2869 


2904 


2949 


2994 


3040 


3085 


3130 


962 


3176 


3220 


3266 


3310 


3366 


3401 


3446 


3491 


3536 


3681 


963 


3626 


3671 


3716 


3762 


3807 


3862 


3897 


3942 


3987 


4032 


964 


4077 


4122 


4167 


4212 


4267 


4302 


4347 


4392 


4437 


4483 


966 


4627 


4672 


4617 


4662 


4707 


4762 


4797 


4842 


4887 


4932 


966 


4977 


6022 


6067 


6112 


6157 


6202 


5247 


6292 


5337 


5382 


967 


6426 


6471 


6616 


6661 


6606 


5651 


5699 


5741 


5786 


5830 


968 


6875 


6920 


6966 


6010 


6065 


6100 


6144 


6189 


6234 


6279 


969 


6324 


6369 


6413 


6468 


6503 


6548 


6693 


6637 


6682 


6727 


970 


6772 


6817 


6861 


6906 


6961 


6996 


7040 


7085 


7130 


7176 


971 


7219 


7264 


7309 


7353 


7398 


7443 


7488 


7532 


7577 


7622 


972 


7666 


7711 


7766 


7800 


7845 


7890 


7934 


7979 


8024 


8068 


973 


8113 


8167 


8202 


8247 


8291 


8336 


8381 


8425 


8470 


8514 


974 


8669 


8604 


8648 


8693 


8737 


8782 


8826 


8871 


8916 


8960 


976 


9006 


9049 


9093 


9138 


9183 


9227 


9272 


9316 


9361 


9405 


976 


9450 


9494 


9639 


9583 


9628 


9672 


9717 


9761 


9806 


9850 


977 


9895 


9939 


9983 


..28 


..72 


.117 


.161 


.205 


.250 


.294 


978 


990339 


0383 


0428 


0472 


0516 


0661 


0605 


0660 


0694 


0738 


979 


0783 


0827 


0871 


0916 


0960 


1004 


1049 


1093 


1137 


1182 


960 


1226 


1270 


1316 


1359 


1403 


1448 


1492 


1636 


1580 


1625 


981 


1669 


1713 


1758 


1802 


1846 


1890 


1935 


1979 


2023 


20o7 


982 


2111 


2156 


2200 


2244 


2288 


2333 


2377 


2421 


24S5 


2509 


963 


2664 


2598 


2642 


2686 


2730 


2774 


2819 


28G3 


2907 


2961 


984 


2996 


3039 


3083 


3127 


3172 


8216 


3260 


3304 


3348 


3392 


986 


3436 


8480 


3624 


3668 


8613 


3667 


3701 


3745 


3789 


3833 


986 


3877 


3921 


3966 


4009 


4053 


4097 


4141 


4185 


4229 


4273 


987 


4317 


4361 


4406 


4449 


4493 


4637 


4581 


4625 


4669 


4713 


988 


4767 


4801 


4846 


4886 


4933 


4977 


5021 


5065 


5108 


6152 


989 


6196 


6240 


6284 


6328 


6372 


6416 


6460 


5604 


5547 


6591 


990 


6636 


6679 


6723 


6767 


6811 


6854 


6898 


5942 


5986 


6030 


991 


6074 


6117 


6161 


6206 


6249 


6293 


6337 


6380 


6424 


6468 


992 


6612 


6555 


6699 


6643 


6687 


6731 


6774 


6818 


6862 


6906 


993 


6949 


6993 


7037 


708O 


7124 


7168 


.7212 


7265 


7299 


7343 


994 


7386 


7430 


7474 


7617 


7661 
44 

7998 


7606 


7648 


7692 


7736 


7779 


996 


7823 


7867 


7910 


7964 


8041 


8085 


8129 


8172 


8216 


996 


8269 


8303 


8347 


8390 


8434 


8477 


8621 


8664 


8608 


8652 


997 


8695 


8739 


8792 


8826 


8869 


8913 


8966 


9000 


9043 


9087 


998 


9131 


9174 


9218 


9261 


9306 


9348 


9392 


9436 


9479 


9622 


999 


9666 


9609 


9662 


9696 


9739 


9788 


9826 


9870 


9913 


9967 



TABLE II. Log- Bln» uid T.ng«nl.. (0=) H 


.,.r.lSm.., 31 1 




a,a». 


DlO" 


<^"°'- 1 


Bir 


T.ng, 


D.lfl' 


Coiung. 


OOOOU 








MinmioC 




lO.OOOOOO 




MlDIlBiDf 




InGnite. 


100000 


eo" 




9.463736 




000000 




9.468736 




18.536274 


00089 


100000 










000000 










00068 


looooa 


G8 




940847 




000000 




940847 




069163 


00087 


100000 






r. 066786 




000000 




7.066786 




13.934314 




100000 


66 








000000 




163696 




837304 


00146 


100600 


66 




341877 
808884 




p. 999999 
999999 




341878 
306836 




758123 
691176 


00175 
00804 


lOOOOO 

looono 


64 




366816 




999999 




36681T 




683183 


00233 


100000 






417968 




999999 




4179TO 




688030 


00862 


100000 




11 


463786 
7.606113 




999998 
i. 999998 




463T37 
7.606130 




636373 
13.494880 


S 


lOOOOU 
99999 


50 
49 




643906 




999997 




6^290S 




457091 


003* 




48 




677668 




99999T 








438388 


00378 


999^9 


47 




609B63 




999996 




609BB7 




390143 


00407 


99999 


46 




639616 




999996 




639820 




S601S0 


00436 


93999 






667846 




999996 




667849 




838161 


0O465 


99999 


44 




694173 




999996 




694179 




806381 


00496 


99999 






718997 




999994 




71900B 




S8099T 






48 




743477 




999993 




743484 




267516 


00653 


99998 


41 1 


30 


764754 




999993 




754761 




336339 


00582 


99996 


40 


81 


I.78694S 




9.999993 




7.786961 




13.314049 


00611 






83 


806146 




999991 




806166 




193846 


00640 


9999C 




33 






999990 




836460 




174640 


oooool 


99998 




34 










843944 




166056 






36 


86 


881663 








861674 




138326 




99997 


36 








99998B 




878708 






0076e 


99997 






895086 




099987 




896099 






00786 


99997 


33 


28 


910879 
986119 




B99986 




926134 




s 


00814 
00844 


99997 


?; 


80 






999983 




040353 




059143 


00873 


99996 


3U 




7.965083 




9.999983 




7.966100 


3161 
8098 


13.044900 










B68870 


2287 














99996 




83 


983333 


999980 






983868 






99996 


27 


M 


996198 
















99995 




36 


(.007787 




999977 






8.00T809 


11,992191 








36 


IK0031 


1983 
1930 

1338 


999976 






080046 




979956 


01047 




34 


87 


031919 


999976 






031946 




968055 


01076 




23 


38 


043601 








043637 


1880 


9664-3 




99994 


22 




054781 


999973 






064809 






99994 




40 


06B776 








066806 


!S? 




01164 






41 




1664 
1626 


9.999969 




8.076531 


11 .923469 


01193 




'? 




036965 


999968 




086997 




913003 


01322 




18 


43 


097183 


999966 






097317 


1664 

1627 
1691 
1B67 
1634 
1493 
1463 


903783 


01251 




17 


44 


107167 


999964 




107303 


892797 


01880 


99993 


16 


4e 


116936 






116963 


883037 


01309 


99991 


16 




136471 1 ;™i 


909961 




186610 


873490 


01338 


99991 


14 




13BB10 


1624 


999969 






864149 


01367 




13 






999958 




144996 


855004 


01396 


99990 


13 


49 










153958 


846048 


01435 






60 


163681 


406 
379 

s 

1304 






163737 


837373 


01464 




10 


61 


i. 171280 


9.999952 






8.171328 


1406 
1379 
1353 


11.888673 


01433 






63 


179713 








820237 


01513 






BB 


187986 








811964 '01542 


99988 








999946 




1961B6 


803844. 01671 








2OW70 


999944 




204126 


796874; 01600 




6 






999943 






211963 


788047 01629 










1216 






S19641 


780359 01658 




3 


68 


287134 


999938 




327196 




772865 01687 


99986 


3 


69 


834657 


999936 




234621 


151T 


766379 on 16 


99935 




60 


S41866 




0., 


841921 


763079 01746 


99936 







Co.iiie. 




-siHT- 


— 
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«»>•. 


D.lll' 


Co.i«.. 


bHo" 


T>^« 


D.IO" 




N.idi>e 






~^ 


8.041856 




9.999934 


~ 


8.341931 


.197 


11.7E80T9 


01743 


'»9a5 


^ 




349033 




999933 






349102 


'76Uft3a. 


01774 


)9984 


69 




356094 


1140 
1105 


999939 


I 


966165 


1158 

1105 
1089 
1073 
1067 
1049 


743836 


01803 


»»*4 




8 


363043 


999937 


363116 


736886 


018K 


J9983 


67 


4 


369831 


999936 




360956 




01863 


(9983 


66 


E 










376691 


7233I19 


01891 


19982 


65 


6 








983333 






I9982 






389773 


1079 






383856 




01^ 


Ktrfl 




8 


396207 


999915 





396399 


70O7UH 




»980 63 II 




803546 


1^ 


999913 


803634 


607366 




W9M0 


51 





308794 


999910 




806884 


691116 




0979 


50 




8.314954 


9.999907 






B.3IB046 


11 .684954 




!-97) 




S 


331027 


998 
985 
971 
959 


999906 




321132 


678M78 


OHuSM 




48 


3 


837016 






8231 U 


969 
946 
934 
922 




0913a 


I997'; 


47 




833934 


999899 








0315:. 


I;i977 






338753 


999897 






SS3856 


66U44 




19976 






344a04 


999894 






344610 


665390 




19976 






350181 


i 


999891 






860389 


649711 


02340 


19976 














856896 


644105 




>9974 




19 


361316 


999886 






861430 


638670 




99974 


41 


90 








866896 


899 

867 
847 
837 
828 


633106 


02337 


1997! 


40 


31 


8.3T317I 










9.872393 


11-637708 


09366 




39 


33 


377499 


877 
867 
856 
846 
837 
837 

809 
800 
791 
782 








377633 




093851 




38 


33 


883763 


99B873 








617111 


03414 




37 


34 


887965 


999870 








811908 








3S 


S93101 


099867 






B93334 


606786 




1996! 




36 


S98179 


999864 






398316 


601686 




19969 


34 






999861 






403338 


696663 


02530 


ISSfJl 




38 


408161 


999868 






408304 




OioUO 


»967 






413068 


999864 






586787 


(Bo81; 


«9«6 




30 


417919 


999861 








8U0 
791 






J9366 


30 


ai 


8,433717 


9.999848 






t.422869 


11.577131 


0964-, 


;W965 




» 


437463 


999844 






427618 






!)■,»« 








999841 






433315 


774 


667BH6 




»963 






4S68QD 




999838 








6l>3il38 


0-2.34 


)991w 


3li 


3G 


441394 


7B8 
750 
749 














ai76i 


1991.3 


25 


36 










750 


563890 


02?y- 


«9961 




87 


450*40 










549387 


iUHil 






3e 


454893 


999823 






466070 


644930 


02850 


KI959 


33 


39 


459301, ;S^ 


999830 






469481 


738 
730 


640619 




99969 




40 


46366B 




999816 






463849 


536151 


03908 


wasa 






8.467986 


?^ 


9.999813 






8.468179 


11.531838 


09038 


J9957 


19 






999S09 






472464 




537546 


02967 


9996b 


18 


43 




999806 












99955 


17 


44 


480693 




999801 








693 
686 
680 
674 

644 


619108 


03026 




16 


46 


484848:^ 


999797 






486050 


514950 


03064 




16 


46 


488963; ^ 
4930401 Si" 
497078 ™ 

fioioeol S^i 


999793 






489170 


610830 


0308^ 






47 


999790 






493950 


606760 




)9Ke9 


13 


48 


999786 






497338 


EQ3707 




99961 




49 


999783 




601398 


438702 


03170 


99960 




50 


^ 606046: «J 
61^7 649 
516726 ®j? 
630661 ^11 


999778 






605367 


494733 


03199 


99949 


10 




9.99977,- 








11.490800 


03228 


W94S 


9 


B3 










486903 


03267 


99947 


8 


53 


99B765 






616961 


483039 


03286 


J9946 


7 


54 


999761 






690790 




479310 


0a31u 


19946 




65 


624343 ^ 

531838 5?J 
535633 ^6 

6438^ 606 








634686 


627 


476414 


03646 


M944 












638349 


47 1661 


03374 


19943 


4 










539080 


611 


467930 


03403 


199942 


3 




999744 








464931 


03432 


99941 




60 


999740 












99940 






999736 


^ 


6431*4 




466916 




a9939 


± 




Cotina. 
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' 
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OcolQiv. 


WW 


T«K. 


D.1U" 


c.,a,,K, :>.«w, 






s.iiseou 








i8. 719396 


402 
399 
897 
396 


11.280604 


05234 




60 




751204 


398 


'999398 




721806 


278194 


0526: 


TO861 






733696 


999391 






375796 




W8W) 




S 


736372 


396 
394 
893 
390 


999384 




736688 






1W85S 




4 


738337 


99937B 




798959 


371041 


OiSfiB 














731317 


368683 


05379 




55 




T33027 


999364 




733663 


385 
368 
381 
379 
377 


366337 


064Ob 








736364 


386 


999367 






264004 


06437 






B 


737667 


999360 




738317 




05466 


99851 




9 


73996S 


383 
380 






740626 


259374'; 06495 


J984W 




10 








742933 


367078.05524 




50 


11 


8.744636 


9.999339 




8.745207 


11.364793 '1B653 






13 


746803 








252621 :(B58S 






18 


749066 


999316 




749740 




0J611 


J9B4S 




14 




373 
368 


999308 




761983 


369 
867 
366 
364 
363 
360 




Oai^iu 


19841 




IS 




999301 




76«»7 


345773 


05609 






16 




909291 




766463 


343647 


IB69S 


jy8D6 




17 


767966 


999386 




768668 


341333 


06797 


99S3n 


43 


18 


7601B1 




999379 






939138 


05T6b 




42 


IS 






999273 




76S065 




0678E 


99833 




30 




362 






766346 


284754 


06814 


9983 




31 




859 






8.767417 


11 .932583 


06844 


99839 


39 


22 








769678 


330433 


06873 


99837 


38 


33 


770970 




999342 






366 
866 

350 
348 
346 


328273 


05909 


99836 


37 


34 


773101 




S99336 




773866 




05931 


99894 






776223 


362 


909327 




776996 




06960 


99822 




38 








778114 


33I8B6 


05989 


99831 




37 




348 


999212 




780222 


319778 


06018 


99819 




38 


781634 


999306 






317680 


06M7 


99817 


33 




783606 




999197 




784406 




06076 


99815 




ao 




343 






786486 


913614 


0^106 






31 


8.787736 






8,788564 


343 
341 
340 

338 

336 
384 

333 


11.311446 


06134 


99613 


^ 


33 


788787 


339 
S37 


'999174 




790613 


209387 


0!,16S 


49810 




33 


791B38 


999166 


793663 


ao73;« :o:fi95 


.'HhOh 


97 


S4 


793850 


999168 


794701 


206599. OfitSl 


<»PSOl. 






795381 




796781 




jyb-h 




36 


797S94 


334 
333 

326 






798763 


301248 iHf-i-.U 


;a6UL 


94 


37 


799897 


999134 


800763 


199337 06308 




93 


as 


801893 


999136 




803766 


197236 0633, 


99.99 


52 




803876 


999118 




804868 




99797 




40 


806852 


999110 




806742 


^ 


193258 0U3yC 


J9795 


50 


41 


9.807819 


). 999103 




8.808717 


11.1913831 01424 


J9793 




43 


809777 


999094 




810683 


1K9317 1 ai453 






43 


811736 


999086 






826 

333 


187369 |'064Sy 








813667 


999077 




814589 




■J97fi8 






815699 


999069 


816639 


183471 ;iOJ640 






« 










818461 


320 


181539 .0:^^ 


99784 




47 


819436 




909053 


830384 


179616 106698 


99783 




48 


831343 




999044 




829398 


318 


177702 06627 


99780 




49 


833240 




999036 




894906 


176796 ; 06666 


99778 




SO 


826130 








826103 






99776 




61 


B.8370U 




9.999019 




18.837993 




11.172008 ,06114 








838884 




999010 


839874 


313 


1701-.'6.106:43 






63 


830749 




999003 




1682S2-0'"73 






64 


833607 


S08 
307 

306 
304 
303 


098993 




833613 




HM)S87 1. ojeoi 


D9708 




G5 


834466 


996964 


835471 


308 
307 
306 
304 
303 


1646J9 ■ owai 








836297 




837391 


162679,; 03861^ 








838130 






160837 «.i8B9 


S9769 




66 


839966 


998968 




840998 


159002 ,00918 


-9760 






841774 


998960 




842826 




99768 




60 


843686 




998941 




844644 


165866 106976 








CkWn^. 
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TABLE n. Log. Sines and Tangenti . (4°) Natural Sines. 



95 



dTW' 





1 

3 
3 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
84 
35 
35 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 



62 
63 
64 
66 
66 
67 
68 
69 
60 



Sine. 



8.843686 
845387 
847183 
848971 
860761 
852626 
864291 
856049 
867801 
859646 
861283 

8.863014 
864738 
866456 
868166 
869868 
871666 
873266 
874988 
876616 
878286 

18.879949 
881607 
883258 
884903 
886642 
888174 
889801 
891421 
893036 
894643 

8.896246 
897842 
899432 
901017 
902696 
904169 
906736 
907297 
908863 
910404 

18.911949 
913488 
915022 
916550 
918073 
919591 
921103 
922610 
924112 
925609 



51 8.927100 



928587 
930068 
931544 
933016 
934481 
935942 
937398 
938850 
944/296 



BTW Cosine. D. 10"| Tang. 



300 
299 
298 
297 
296 
294 
298 
292 
291 
290 
288 
287 
286 
286 
284 
288 
282 
281 
279 
279 
277 
276 
276 
274 
278 
272 
271 
270 
269 
268 
267 
266 
266 
264 
268 
262 
261 
260 
259 
258 
257 
257 
266 
256 
254 
253 
252 
251 
250 
249 
249 
248 
247 
246 
246 
244 
243 
243 
242 
241 



Cosine. 



9.998941 
998932 
998923 
998914 
998906 
996896 
996887 
998878 
998869 
998860 
998861 

9.998841 
998832 
998823 
998813 
998804 
998796 
998786 
998776 
998766 
998767 

9.998747 
998738 
998728 
998718 
998708 
998699 
998689 
998679 
998669 
998669 

9.998649 
998639 
996629 
998619 
998609 
998599 
998689 
998678 
998568 
998558 

9.998548 
998537 
998527 
998516 
998506 
998495 
998486 
998474 
998464 
998453 

9.998442 
998431 
998421 
998410 
998399 
998388 
998377 
998366 
998355 
998344 



Sine. 



1.6 
1.6 
1.6 
16 
1-6 
1*6 
1.5 
1.6 
1.6 
1.6 
1.6 
1.6 
16 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
16 
1.6 
1.6 
1.6 
1.6 
1-6 
1.6 
1-6 
1.6 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
17 
1.7 
1.7 
1.7 
1.7 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 



fe 



.844644 
846455 
848260 
860057 
861846 
863628 
866403 
867171 
868982 
860686 
862433 

$.864173 
865906 
867632 
869361 
871064 
872770 
874469 
876162 
877849 
879529 

$.881202 
882869 
884530 
886185 
887833 
88y476 
891112 
892742 
894366 
895984 

8.897596 
899203 
900803 
902398 
903987 
906570 
907147 
908719 
910285 
911846 

$.913401 
914961 
916495 
918034 
919668 
921096 
922619 
924136 
925649 
927156 

18.928668 
930156 
931647 
933134 
934616 
936093 
937565 
939032 
940494 
941962 



Co tang. 



802 
801 
299 
298 
297 
296 
296 
293 
292 
291 
290 
289 
288 
287 
285 
284 
283 
282 
281 
280 
279 
278 
277 
276 
275 
274 
278 
272 
271 
270 
269 
268 
267 
266 
265 
264 
268 
262 
261 
260 
259 
258 
257 
256 
256 
255 
254 
253 
252 
251 
250 
249 
24u 
248 
247 
246 
245 
244 
244 
243 



11 



11 



11 



N. sine. N. oos. 



11 



11 



11 



.166356 
163545 
151740 
149943 
148164 
146372 
144697 
142829 
141068 
189314 
187567 

.186827 
184094 
182868 
130649 
128936 
127280 
126531 
123838 
122151 
120471 

.118798 
117181 
115470 
113815; 
112167 
110524 
108888 
107258 
105684 
104016 

.102404' 
100797 i 
099197 i 
097602: 

(mois ' 

094430; 
092853 i 
091281 
089715 
088154 

.066599 
085049 
083505 
081966 
080432 
078904 
077381 
0758641 
074361 1 
072844! 

.071342 ; 
069845 
068353 : 
066866; 
065384 
0639071 
062436 ; 
060968) 
059606 I 
058048! 



06976 
07005 



99766 
99764 



0703499752 
07063 99760 
07092 99748 



07121 



99746 



0716099744 



07179 



99742 



0720899740 
07237 99738 



07266 



99736 



0729699734 



07324 
07363 
07383 
07411 



99731 
99729 
99727 
99725 



0744099723 



07469 
07498 
07527 
07556 
07585 



99721 
99719 
99716 
99714 
91)712 



0761499710 



07643 
07672 
07701 
07730 
07769 
07788 
07817) 
07846 
07875 
i 07904 
1 07933 
07962 
'07991 
08020 
08049 



08165 
08194 



08281 



08339 



; 08426 



; 08513 

; 08542 

08571 



99708 
99705 
99703 
99701 
99699 
99696 
99694 
99692 
99689 
99887 
99686 
99683 
99680 
99678 
99(376 



08078 99673 
08107 a9671 
08136 99668 



99666 
99664 



08223 99661 
08252 99659 



99657 



08310 99664 



99652 



08368 99649 
08397 99647 



99644 



; 08455 99642 
08484 99639 



99637 

}9635 

199632 



! 08600 99630 



1 08629 
08658 
08087 
08716 



Cotang. 
85 Degrees. 



Tang. \'.ti. cofi. N.3ine. 



i)y627 
99625 
99622 
99619 



60 
69 

68 
67 
66 
66 
64 
63 
62 
61 
60 
49 
48 
47 
46 
46 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
33 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




%M 



« Lof. Si-" «J T«,«u. {S=) N«u«l &«., TABLE n. || 




Mae. 


105" 


OnlD*. 


■S7W 


1^. 


P. 10" 


Coumg. 











8.940396 


340 
339 


8.998344 




S, 941963 


343 
241 


11,068048 


08716 


09619 


60 


I 


941788 


998333 






066596 


08746 


99617 


59 


3 


943174 


9S8333 


1.9 


944863 


066148 


08774 






g 




998311 


946396 




053705 


08803 








946034 


337 
336 

336 
334 
333 

381 
330 

399 
339 
338 
237 
327 

334 








239 
238 
337 
937 

936 
334 
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TABLE n. 




I 
3 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
31 
33 
33 
34 
36 
36 
37 
38 
39 
30 
81 
33 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
50 
61 
62 
63 
64 
65 
66 
67 
68 
59 
60 



Sinti. 



9.194333 
195139 
196936 
196719 
197611 
198303 
199091 
199879 
800666 
301461 
302334 

9.303017 
308797 
304677 
306364 
306131 
306906 
307679 
306463 
309333 
309993 

19.310760 
311536 
212291 
313065 
313818 
314679 
316338 
316097 
316854 
217609 

9.2189^3 
219 
2198 
220618 
221367 
222115 
222861 
323606 
224349 
225092 

9.226833 
226673 
227311 
228048 
228784 
229518 
230262 
230984 
231714 
232444 

9.233172 
233899 
234626 
236349 
236073 
236795 
237515 
238236 
238953 
239670 



Cosine. 



D. icq 



138 
133 
183 
182 
132 
132 
131 
131 
131 
131 
130 
130 
130 
130 
129 
129 
129 
129 
128 
128 
128 
128 
127 
127 
127 
127 
127 
126 
136 
136 
136 
135 
136 
126 
126 
126 
124 
124 
124 
124 
123 
123 
123 
123 
123 
122 
122 
122 
122 
122 
121 
121 
121 
121 
120 
120 
120 
120 
120 
119 



Cosine. 



9 



9 



9 



9 



.994620 
994600 
994680 
994560 
994540 
994619 
994499 
994479 
994469 
994438 
994418 

.994397 
994377 
994357 
994336 
994316 
994295 
994274 
994264 
994233 
994212 

.994191 
994171 
994150 
994129 
994108 
994087 
994066 
994046 
994024 
994003 

.993981 
993960 
993939 
993918 
993896 
993875 
993854 
993832 
993811 
993789 

.993768 
993746 
993726 
993703 
993681 
993660 
993638 
993616 
993694 
993572 

.993660 
994528 
993606 
993484 
993463 
993440 
993418 
993396 
993374 
993361 



Sine. 



B7W 



3.3 
3.3 
8.3 
3.4 
3.4 
3.4 
3.4 
3.4 
8.4 
8.4 
8.4 
3.4 
3.4 
3.4 
3.4 
3.4 
3.4 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.5 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
8.6 
3.6 
3.6 
3.6 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
8.7 
8.7 
3.7 



9 



TAUg. 



d 



9 



9 



9 



.199713 
20ii52!i 
201345 
302159 
30^2971 
303782 
304592 
205400 
906207 
207013 
207817 

.208619 
209420 
210220 
211018 
211816 
213611 
213405 
214198 
214989 
216780 

.216568 
217356 
218142 
218926 
219710 
220492 
321372 
222052 
222830 
223606 

.324382 
225166 
226929 
226700 
327471 
228239 
229007 
229773 
230539 
231302 

.232066 
232826 
233686 
234346 
236103 
236869 
236614 
237368 
238120 
238872 

.339622 
240371 
241118 
341866 
242610 
243354 
244097 
344839 
345579 
346319 



Cotang. 



D._10' 

136 
136 
136 
136 
135 
136 
136 
134 
134 
134 
134 
133 
133 
133 
133 
133 
132 
132 
133 
133 
131 
131 
131 
131 
130 
130 
130 
130 
130 
139 
139 
139 
139 
139 
128 
128 
128 
128 
127 
127 
127 
127 
127 
126 
126 
126 
126 
126 
126 
126 
126 
126 
125 
124 
124 
124 
124 
124 
123 
123 



Cotiiag. 



t0.8'J0287 
799471 
798665 
797841 
797029 
796218 
795408 
794600 
793793 
792987 
792183 

10.791381 
790580 
789780 
788982 
788185 
787389 
786595 
785802 
735011 
784220 

10.783432 
.782644 
781868 
781074 
780290 
779508 
778728 
777948 
777170 
776394 

10.776618 
774844 
774071 
773300 
772529 
771761 
770993 
770227 
769461 
768698 

10.767936 
767174 
766414 
765656 
764897 
764141 
763386 
762632 
761880 
761128 

10.760378 
759629 
768882 
768135 
767390 
766646 
765903 
756161 
764421 
753681 



N. siiu;.j.\'. cos, 



Tang. 



15(>43 
1567!? 
15701 
15730 
15V50 

15:8/ 

1581(; 

15845 

15873 

15902 

15931 

1596& 

15988 

16017 

16046 

16074 

16103 

16132 

16160 

16189 

16218 

16246 

16275 

16304 

16333 

16361 

16390 

16419 

16447 

16476 

16505 

16633 

16662 

16591 

16620 

16648 

16677 

16706 

16734 

16763 

16792 

16820 

16849 

16878 

16906 

16936 

16964 

16992 

17021 

17050 

17078 

17107 

17136 

17164 

17193 

17222 

17250 

17279 

17308 

17336 

17365 



98769 

98/64 

98/60 

98765 

98751 

98746 

98741 

:«737 

98732 

98728 

98723 

98718 

98714 

98709 

98704 

98700 

98696 

98690 

98686 

98681 

98676 

98671 

98667 

98662 

98657 

98652 

98648 

9S643 

98638 

98633 

98629 

98624 

98619 

98614 

98609 

98604 

98600 

98596 

98690 

.98585 

98580 

98575 

96570 

98566 

98661 

98556 

98561 

98546 

98641 

98536 

98531 

98526 

98521 

98516 

98511 

98506 

98501 

98496 

98491 

98486 

98481 



N. COB. 



N.sine. 



GO 
69 
68 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
43 
41 
40 
39 
38 
37 
36 
35 
34 
33 
33 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
6 
4 
8 
3 
1 




80 Degrees. 



TABLin. 


Lsc. aiMt ud Tufuite. (10°) tJUual Out U U 






irw 


0«l». 


B.lff 


Turn. 


D. liy 


CoUng. 






^ 


9.3S86T0 


119 
119 






9.346319 


193 

133 

129 
139 
139 
133 


10.763681 


17366^6481 


60 




340386 


'993329 


3470B7 


762943 






3 




993307 




347794 


763206 










118 

118 


993388 




948680 


761470 


1746lg«6 






343036 


993363 




349364 


750736 




66 




343337 


B93240 




349998 


760009 




66 




343947 


99331T 




360730 


7«270 


17537 B845I] 


64 


7 


344666 


993196 




961461 


748639 


17666 98446 


53 


8 


346363 




993173 




963191 






63 




346060 












747060 






10 


3467T6 




993137 




963648 












». 347478 




».99ai04 




). 264374 


191 
190 
190 


10,746636 








348181 




993081 




966100 


744900 






U 


348888 






366834 


744176 






14 


340686 




993036 




366B47 


743463 






6 


360383 




993018 


367369 


7«731 


17794^8404 




6 


360960 




993990 




267990 


130 
130 
190 




17623 98399 




7 


361677 




992967 




368710 




17863 963M 


43 


8 


3«n78 








359439 


740671 


17680 98389 


43 


9 


368067 








360146 


789864 


17809(16388 


41 


30 


363761 




993698 




360663 




739137 


17937 [)H378 


40 


1 


».3644«3 




9.B938T6 




9.261673 




10.738433 


17966 98373 


38 


33 


366144 




992862 






737706 


17996 98368 




3S 


366834 




993839 




363006 






1S023 98363 




94 


366633 




993606 


363717 






1S063|98367 




36 


367311 


114 
114 
114 

114 
114 


999768 


364498 




736673 




36 


36 


367896 


992769 


366138 




734863 


18109 98347 


34 


37 


368683 










734153 


18138 88341 


33 


98 


360368 










733446 


18166 8833U 


32 




369961 


993690 




967361 




732739 


18196 98331 




30 


360633 


993666 




367967 




733033 


18324 883-..'6 




31 


9.261314 




9.893643 




9.368671 




10.731329 


i826saiaao 




33 


361994 




993619 


369876 




730636 


18281 *«16 






303673 




992696 




370077 




729923 


18309 98310 






363361 








370779 




729221 


18338 98304 


36 




364037 




993649 








738631 


18367 Lie2!>8 


i6 




364703 












737829 


18396 «i394 










992601 




973876 




727134 


18434 98388 






366061 


113 
113 


992478 




373573 




726437 


18462 l>e283 




39 


366733 


993464 


374369 


116 




18481 98977 


91 


40 


367396 


993430 




374964 


736CQ6 


I86O9I98379 


90 




».3eS066 


».9924a6 


9.276668 




10.7243W 


13638 98367 


19 


4S 


968734 




993382 






738649 


3667 98261 


18 1 


43 


369403 




9933G9 








733967 


8696 38366 


17 








993886 








792266 


8634 98360 


16 


4£ 


370786 




993311 


378494 






8663Je245 




46 


371400 




993987 


379113 




730887 


8681 96340 






373064 


110 


993363 


379801 




720199 


87 10198334 




48 


373736 


992239 




280-188 




719613 


18738 98229 


13 


4tt 


373388 


110 
110 










718836 


18761 98233 




eo 


3740U 


99319(1 




381868 




718142 


18796 98318 


10 


SI 


3.374J08 


9.992166 








10.717468 


Ih834 98913 




G3 


376367 




993143 




383226 










63 


376034 




993117 




283907 




716093 


18881 983o! 




M 


276681 


109 
109 






284688 




716412 


189109(S18e 




56 


277337 






286268 




714739 






6I> 




992044 






714063 


iSEna 




67 


278644 


109 
109 
106 


992020 








713376 


3 


68 


279207 


991996 




387301 




719690 


iao24lij8n4 




69 


379!M8 


S91971 




387977 








1 


60 


280699 


991947 






711348 


19081 Fl81(« 


4- 




Colo.. 




—B^^T- 








T«.^. 


N::^,is:n^ 


r^ 19 D«,™,. II 



32 



lAtg. Sinea «nd Tugente. (11<^ Natnnl SiuM. 



TABLE n. 



S ine, p. ly I CoBipe. D. it/^ Yang. I>. la tX>t»ng, 



r 



IT 




1 
2 
8 

4 
6 
6 
7 
8 
9 
10 
11 
10 
13 
14 
15 
U, 
17 
lb 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
63 
64 
66 
66 
67 
66 
69 
60 



9.280699 
281248 
281897 
282644 
283190 
2838di> 
284480 
285124 
285. 66 
28(i408 
28/048 

9.287687 
288320 
288964 
289o00 
290.J36 
2yjri;0 
201 6 J4 
29^137 
292768 
293399 

9.294029 
294668 
296286 
296913 
296639 
297164 
297788 
298412 
299034 
299665 

9.800276 
300896 
301614 
302132 
302748 
303364 
303979 
304593 
306207 
305819 

9.306430 
307041 
307660 
808269 
308867 
309474 
810080 
310685 
811289 
311893 

9.312495 
313097 
313G98 
314297 
314897 
315495 
316092 
316689 
317284 
317879 



Cosine. 



108 
108 
108 
108 
108 
107 
107 
107 
107 
107 
107 
106 
106 
106 
106 
lOii 
lUG 
105 
106 
105 
106 
106 
105 
104 
104 
104 
104 
104 
104 
104 
103 
103 
103 
103 
103 
103 
102 
102 
102 
102 
102 
102 
102 
101 
101 
101 
101 
101 
101 
100 
100 
100 
100 
100 
100 
100 
100 
99 
99 
99 



9 



9 



9 



9 



.991947 
991922 
991897 
991873 
991848 
991823 
991799 
991774 
991749 
991724 
991699 

.991674 
991649 
991624 
991599 
991574 
991549 
991524 
991498 
991478 
991448 

.991422 
991397 
991872 
991346 
991821 
991296 
991270 
991244 
991218 
991193 

.991167 
991141 
991116 
991090 
991064 
991038 
991012 
990986 
990960 
990934 
990908 
990882 
990866 
990829 
990803 
990777 
990760 
990724 
990697 
990671 

.990644 
990618 
990591 
990566 
990538 
990511 
990485 
990458 
990431 
990404 



Sine. 



4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.3 
4.3 
4.8 
4.8 
4.8 
4.3 
4.8 
4.8 
4.3 
4.3 
4.3 
4.3 
4.8 
4.3 
4.3 
4.3 
4.3 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 
4.6 
4.6 
4.6 
4.6 



9. 



9. 



9. 



9. 



9. 



9. 



388662 
289326 
289999 
390671 
291342 
292013 
392682 
293350 
294017 
294684 
295349 
296013 
296677 
297339 
298001 
298662 
299322 
299980 
300638 
801296 
301951 
302607 
803261 
303914 
304667 
305218 
306869 
306619 
307168 
307815 
308463 
309109 
309764 
310398 
311042 
311686 
312327 
312967 
813608 
314247 
314886 
816523 
316169 
316796 
817430 
318064 
318697 
319329 
319961 
320592 
321222 
321851 
322479 
323106 
323733 
324368 
324983 
325607 
326231 
326853 
327475 



Cotang. 
78 Degrees. 



113 

113 

118 

113 

113 

11 

11 

11 

11 

11 

11 

11 

110 

110 

110 

110 

110 

110 

109 

109 

109 

109 

109 

109 

109 

108 

108 

108 

108 

108 

108 

107 

107 

107 

107 

107 

107 

107 

106 

106 

106 

106 

106 

106 

106 

105 

105 

106 

106 

105 

106 

106 

104 

104 

104 

104 

104 

104 

104 

104 



10.711348 
710674 
710001 
709329 
706668 
707987 
707318 
706650 
705983 
706316 
704661 

10.700987 
703323 
702661 
701999 
701338 
700678 
700020 
699362 
698706 
698049 

10.697393 
696739 
696066 
696433 
694782 
694131 
693481 
692832 
692185 
691537 

10-690891 
690246 
6»9602 
688958 
688315 
687673 
687033 
686392 
686753 
685115 

106844 77 
683841 
688205 
682670 
681936 
681303 
680671 
680039 
679408 
678778 

10.678149 
677521 
676894 
676267 
676642 
675017 
674393 
673769 
673147 
672525 



sine. 



19081 



98163 



19109)98167 



19138 
19167 
19195 
19224 
19262 
19281 
19309 
19:338 
19366 
19395 
19423 
19452 
19481 
19509 
19538 
19566 
19695 



96163 
98146 
:)8140 
98135 
.)8129 
98124 
98118 
:«112 
5^8107 
98101 
98096 
98090 
9808-* 
98079 
98073 
98067 
98061 



19623 98066 



19652 



98050 



1968098044 



Tang. 



19700 

19737 

19766 

19794 

19823 

19851 

19880 

19908 

19937 

19965 

19994 

20022 

20061 

20079 

20108 

20136 

20166 

20193 

20221: 

20250 

20279 

2080. 

20336 

20364 

20393 

20421 

20450 

20478 

20507 

20535 

20563 

20692 

20620 

2064i< 

20677 

207 Ou 

20734 

20 J 6c 

20791 



OOfl. 



98039 
98033 
98027 
98021 
98016 
98010 
98004 
97998 
97992 
97987 
97981 
97976 
97969 
97963 
97968 
97962 
97946 
9.940 
97934 
97928 
97922 
97916 
97910 
97905 
97899 
97893 
97887 
97881 
97875 
97869 
97863 
97857 
97861 
97845 
9.839 
97833 
97827 
).821 
97816 



N. COS. N'.Hine 



60 
69 
68 
67 
66 
66 
64 
63 
62 
61 
60 
49 
48 
47 
46 
46 
44 
43 
42 
41 
40 
39 
38 
37 
36 
36 
34 
33 
32 
31 
30 
29 
28 
27 
26 
9h 
24 
23 
22 
21 
20 
19 
18 
17 
16 
16 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
8 
3 
1 




TABLE n. Log. StaMS and Taogvnti. (12f^ NatQual Blnflfl. 

D. lOT Coeiiie. 



33 







1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
13 
13 
14 
16 
16 
17 
18 
19 
20 
31 
33 
83 
34 
36 
36 
37 
38 
39 
30 
31 
83 
33 
34 
36 
36 
37 
36 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
63 
64 
66 
66 
67 
68 
69 
60 



Sine. 



9.317879 
318473 
319066 
319668 
830249 
320840 
321430 
822019 
322607 
323194 
323780 

9.324366 
324960 
326634 
326117 
326700 
837381 
327863 
328442 
329021 
829699 

19.330176 
330763 
331329 
331903 
332478 
333061 
833624 
334196 
334766 
836337 

19.386906 
836476 
337043 
337610 
838176 
838742 
339306 
339871 
340434 
340996 

9.341668 
342119 
342679 
343239 
343797 
344366 
344912 
846469 
346024 
346679 

19.347134 
347687 
348340 
348792 
849343 
849693 
350443 
350992 
361540 
362068 

Coeine. 



99.0 
98.8 
98.7 
98.6 
98.4 
98.8 
98.3 
98.0 
97.9 
97.7 
97.6 
97.5 
97.3 
97.3 
97.0 
96.9 
96.8 
96.6 
96.6 
96.4 
96.3 
96.1 
96.0 
96.8 
95.7 
96.6 
96.4 
96.3 
96.3 
96.0 
94.9 
94.8 
94.6 
94.6 
94.4 
94.3 
94.1 
94.0 
93.9 
93.7 
93.6 
93.6 
93.4 
93.3 
93.1 
98.0 
93.9 
93.7 
93.6 
93.6 
93.4 
93.3 
92.1 
92.0 
91.9 
91.7 
91.6 
91.6 
91.4 
91.3 



9. 



9. 



9. 



9. 



9. 



9. 



990404 
990678 
990361 
990324 
990297 
990270 
990243 
990216 
990188 
990161 
990134 
990107 
900079 
990062 
990026 
969997 
969970 
969942 
969916 
969687 
989860 
989883 
969804 
989777 
989749 
989731 
989693 
969666 
989637 
989609 
989683 
989663 
989636 
989497 
989469 
989441 
989413 
969384 
969366 
989338 
989300 
989371 
969343 
989314 
969186 
969167 
989138 
969100 
989071 
989043 
989014 
988986 
988956 
988937 
968898 
988869 
988840 
988811 
988783 
988763 
968734 

Sine! 



D. 10" 



4.6 
4.5 
4.6 
4.5 
4.6 
4.6 
4.5 
4.5 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.6 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.8 
4.8 
4.8 
4.8 
4.8 
4.8 
4.8 
4.8 
4.8 
4.8 
4.8 
4.9 
4.9 
4.9 



Tang. 



D. 10"! Ootang. IN. sine.;N. oos. 



9.837474 
338095 
838716 
839334 
339963 
330670 
831187 
831803 
333418 
888033 
833646 

9.834369 
834871 
836483 
836093 
836702 
337311 
337919 
838637 
839133 
339739 

9.840344 
840948 
841663 
843166 
343757 
343368 
343968 
344658 
345167 
345755 

9.346363 
346949 
347546 
348141 
348736 
349339 
349933 
360514 
861106 
361697 

19.353387 
363876 
363465 
854063 
364640 
366337 
366813 
366398 
366982 
367666 

9.358149 
368731 
359313 
369893 
360474 
361053 
361632 
362210 
363787 
363364 

I Cotang." 
77 D^reea. 



103 

103 

103 

103 

103 

103 

103 

102 

103 

103 

102 

102 

102 

102 

102 

101 

101 

101 

101 

101 

101 

101 

101 

100 

100 

100 

100 

100 

100 

100 

100 
99.4 
99.3 
99.2 
99.1 
99.0 
98.8 
98.7 
98.6 
98.6 
98.3 
96.2 
98.1 
98.0 
97.9 
97.7 
97.6 
97.5 
97.4 
97.3 
97.1 
97.0 
9(i.9 
96.8 
96.7 
96.6 
96.5 
96.3 
96.2 
96.1 



10 



10 



10 



10 



10 



10 



.673626 
671905 
671286 
670666 
670047 
669430 
668813 
668197 
667682 
666967 
666364 

.666741 
666129 
664518 
663907 
663298 
663689 
663061 
661473 
660667 
660361 

.669666 
669062 
668448 
667846 
667243 
666642 
666042 
665442 
664843 
664245 

.653647 
653051 
652456 
651859 
661265 
660671 
660078 
649486 
648894 
648303 

.647713 
647124 
646636 
645947 
646360 
644773 
644187 
643602 
64^018 
642434 

.641861 
641269 
640687 
640107 
6395*i6 
638947 
6383G8 
637790 
637213 
636636 

Tang. 



20791 97816 
2082097809 
2084897803 
20877 97797 
20906 97791 
20933 97784 
20962 97778 
2099097772 
2101997766 
21047 97760 
2107697764 
2110497748 
3113397743 
3116197736 
3118997739 
31318 97738 
3134697717 
21276'97711 
21303 97706 
21331,97698 
21360,97692 
21388,97686 
2141797680 
21446:97678 
21474;97667 
21602,97661 
21530:97665 
2156997648 



21687 
21616 
21644 
21672 
21701 
21729 
21768 
21786 
21814 
21843 
21871 
21899 
21928 
21956 
21986 
32013 
! 22041 
122070 
'22098 
22126 
22155 



97642 
97636 
97630 
97623 
97617 

97611 
97604 
97598 
97692 
97686 
97579 
97673 
97566 
97660 
97663 
97547 
97641 
97684 
97628 
97521 
97515 



. I 



'2218U 197508 
22212'y7502 
222409 7490 
22268y74«l» 
22*J9'/l974<S.'; 
223-i5;y7476 
■22363,97470 
' 22382 :y-| 463 
22410 9745/ 



60 

69 

68 

67 

66 

66 

64 

53 

62 

51 

60 

49 

48 

47 

46 

46 

44 

43 

43 

41 

40 

39 

38 

37 

36 

36 

34 

33 

33 

81 

30 

39 

38 

37 

36 

36 

34 

S3 

33 

31 

30 

19 

18 

17 

16 

16 

14 

13 

12 

U \\ 

10 

u 

8 
7 
6 
b 
4 



3243b 

22467 

'224J5 

I. 

• N. COS. 



9:450 
97444 
9743 i 

N.8inc. 



i 



3 I 

1 ! 




TABLE n. Log. BbiM and Tangents. (14P) Natural SiuM. 
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Sine. D. W Ck>Bine. D. 10" fang! {B. W\ Ootang. [IN. sine-lN. oos 




1 
3 
8 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
63 
64 
66 
66 
67 
68 
69 
60 



9.383676 
384182 
884687 
386192 
386697 
886201 
386704 
387207 
387700 
388210 
388711 

9.389211 
389711 
890210 
390708 
391206 
391703 
392199 
392696 
393191 
393686 

9.394179 
394673 
395166 
395658 
396150 
39o(>41 
397132 
397621 
398111 
398600 
399088 
399576 
400062 
400549 
401036 
401620 
402005 
402489 
402972 
403455 
403938 
404420 
404901 
406382 
405862 
406341 
406820 
407299 
407777 
408254 

9 .408731 
409207 
409682 
410167 
410632 
411106 
411579 
412052 
412524 
412996 

Cosine. 



9 



9 



84.4 
84.3 
84.2 
84.1 
84.0 
83.9 
83.8 
83.7 
83.6 
83.6 
83.4 
83.3 
83.2 
83.1 
83.0 
82.8 
82.7 
82.6 
82.5 
82.4 
82.3 
82.2 
82.1 
82.0 
81.9 
81.8 
81.7 
81.7 
81.6 
81.5 
81.4 
81.3 
81.2 
81.1 
81.0 
80.9 
80.8 
80.7 
80.6 
80.5 
80.4 
80.3 
80.2 
80.1 
80.0 
79.9 
79.8 
79.7 
79.6 
79.5 
79.4 
79.4 
79.3 
79.2 
79.1 
79.0 
78.9 
78.8 
78.7 
78.6 



9.986904 
986873 
986841 
986809 
986778 
986746 
986714 
986683 
986661 
986619 
986687 

9.986656 
986623 
986491 
986469 
986427 
986396 
986363 
986331 
966299 
986266 

9 986234 
986202 
986169 
986137 
986104 
986072 
986039 
986007 
985974 
985942 

9.985909 
985876 
985843 
985811 
986778 
985745 
985712 
985679 
985646 
986613 

9.986580 
985547 
985514 
985480 
985447 
985414 
985380 
985347 
986314 
985280 
985247 
985213 
985180 
985146 
985113 
985079 
985045 
985011 
984978 
984944 



Sine. 



9.896771 
397809 
897846 
898383 
898919 
899456 
399990 
400624 
401068 
401691 
402124 

9.402666 
403187 
408718 
404249 
404778 
406308 
406836 
406364 
406892 
407419 
407946 
408471 
408997 
409621 
410045 
410669 
411092 
411615 
412137 
412668 

|!». 413179 
413699 
414219 
414738 
416267 
416775 
416293 
416810 
417326 
417842 
418368 
418873 
419387 
419901 
420415 
420927 
421440 
421962 
422463 
422974 

9 423484 
423993 
424503 
426011 
426519 
426027 
426634 
427041 
427647 
428062 



89.6 
89.6 
89.5 
89.4 
89.3 
89.2 
89.1 
89.0 
88.9 
88.8 
88.7 
88.6 
88.5 
88.4 
88.3 
88.2 
88.1 
88.0 
87.9 
87.8 
87.7 
87.6 
87.6 
87.4 
87.4 
87.3 
87.2 

87.1 
87.0 
86.9 
86.8 
86.7 
86.6 
86.6 
86.4 
86.4 
86.3 
86.2 
86.1 
86.0 
85.9 
86.8 
85.7 
86.6 
86.6 
85.6 
85.4 
85.3 
86.2 
86.1 
86.0 
84.9 
84.8 
84.8 
84.7 
84.6 
84.6 
84.4 
84.3 
84.3 



10. 



10.603229 
602691 
602154 
601617 
601061 
60U546 
600010 
699476 
698942 
698409 
597876 
597344 
596813 
696282 
595751 
695222 
594692 
594164 
593t)36 
593108 
592581 

l(».592Uo6 
691529 
691003 
690479 
689955 
689431 
688908 
688385 
687863 
687342 
686821 
586301 
685781 
685262 
684743 
684226 
583707 
683190 
582674 
582158 

10.581642 
681127 
680613 
680099 
679585 
579073 
578660 
678048 
677637 
677026 

10.676616 
676007 
675497 
674989 
674481 
573973 
673466 
672969 
672453 
571948 



10 



24192 
24220 
24249 
24277 
24306 
24333 
24362 
24390 
24418 
24446 
24474 
24503 
24531 
24559 
24587 
24615 
24644 
24672 
2470D 
24728 
1 2475b 
1 24784 
24813 
24841 
24869 
24897 
24925 
24964 
24982 
25010 
25038 
25066 



2609496800 



25122 
26151 
25179 
25207 
25236 
25263 
25291 
25320 
25348 
25376 
26404 
26432 
26460 
25488 
26516 
25645 
25573 
25601 
25629 
25657 
25686 
j 1 26713 
125741 
I 26766 
I 26798 
25826 
25854 
25882 



Ciotang. 



75 Degrees. 



I Tang. 



97030 
97023 
97015 
97008 
97001 
96994 
96987 
96960 
96973 
96966 
96959 
96952 
96945 
96937 
96930 
96923 
96911:^ 
96909 
96902 
96894 
96887 
96880 
96873 
96866 
96858 
96851 
96844 
96837 
96829 
96822 
96815 
96807 



96793 
96786 
96778 
96771 
96764 
96766 
96749 
96742 
96734 
96727 
96719 
96712 
96705 
96697 
96690 
96682 
96675 
96667 
96660 
96653 
96645 
96638 
96630 
96623 
96615 
96608 
96600 
96593 



N. COS. N.sin*<. 



60 
69 

68 
67 
66 
65 
64 
63 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
36 
34 
33 
32 
31 
30 
29 
28 
27 
26 
26 
24 
23 
22 

21 

20 

19 

18 

17 

16 

16 

14 

13 

12 

11 

10 

9 

8 

7 

6 

6 

4 

3 

2 

1 
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Log. Sum and TuBgeBta. (16°) Natval SIbm. TABLB IL 




1 
3 
8 
4 
6 
6 
7 
8 
9 
10 
11 
13 
IS 
14 
16 
16 
17 
18 
19 
30 
31 
33 
33 
34 
35 
36 
37 
38 
39 
30 
31 
33 
33 
84 
36 
36 
87 
88 
39 
40 
41 
43 
48 
44 
45 
46 
47 
48 
49 
60 
61 
63 
63 
64 
66 
66 
67 
68 
69 
60 



Sin*. 



O. W'\ Co«in«. 



19.413996 
413467 
413938 
414406 
414878 
416347 
416816 
416388 
416761 
417317 
417684 

9.418160 
418616 
419079 
419644 
430007 
430470 
430933 
431896 
431867 
433818 

19.433778 
433338 
4386i#7 
434166 
434616 
436078 
436630 
436987 
436443 
436899 

19.487354 
437809 
438363 
438717 
439170 
439633 
430075 
430537 
430978 
431439 

9.431879 
433339 
433778 
433336 
433676 
484133 
434669 
486016 
435463 
436908 

9.436863 
436798 
437343 
437686 
438139 
438673 
439014 
439466 
439897 
440338 



OcMiinc. 



78.6 
78.4 
78.3 
78.3 
78.3 
78.1 
78.0 
77.9 
77.8 
77.7 
77.6 
77.5 
77.4 
77.3 
77.8 
77.3 
77.1 
77.0 
76.9 
76.8 
76.7 
76.7 
76.6 
76.6 
76.4 
76.8 
76.3 
76.1 
76.0 
76.0 
76.9 
76.8 
76.7 
76.6 
76.5 
76.4 
76.3 
76.8 
76.3 
76.1 
76.0 
74.9 
74.9 
74.8 
74.7 
74 6 
74.6 
74.4 
74.4 
74.3 
74.3 
74.1 
74.0 
74.0 
73.9 
73.8 
73.7 
73.6 
73.6 
78.6 



I- 



111.10^ 



9 



9 



9 



9 



9 



QtiAQAA 

964910 
964876 
964843 
964806 
984774 
964740 
984706 
984673 
984637 

oO40llo 

.984669 
984536 
964500 
984466 
984433 
964897 
964363 
984338 
984394 
964369 
.984334 
984190 
984165 
984130 
984065 
984050 
964016 
983981 
988946 
963911 
.983876 
983840 
983806 
983770 
983735 
983 I 00 
983664 
968639 
983594 
983668 
.983633 
983487 
983463 
983416 
963381 
983345 
983309 
983373 
983338 
963303 
.983166 
983130 
963094 
963058 
963033 
983986 
983950 
963914 
983878 
983843 



Sine. 



7 
7 
7 
7 

7 
7 
7 
7 

7 
7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 















Tang. 



U,W\ 



9.438053 
438657 
439063 
439566 
480070 
480673 
481075 
481577 
483079 
483680 
488080 

I9.483580 
434060 
484579 
485078 
486676 
486078 
436570 
487067 
487668 
486059 

9.438654 
439048 
489548 
440086 
440539 
441033 
441614 
443006 
443497 
443988 

19.448479 
443968 
444468 
444947 
445435 
445933 
446411 
446898 
447384 
447870 

9.448356 
448841 
449336 
449810 
450294 
450777 
461360 
461743 
463336 
453706 

9.453187 
463668 
464148 
454638 
465107 
455686 
466064 
466543 
457019 
467496 



Cotong. 
74 Degrees. 



84.8 
84.1 
84.0 
88.9 
88.8 
83.8 
83.7 
88.6 
88.5 
88.4 
88.8 
83.3 
88.3 
83.1 
83.0 
83.9 
63.8 
83.8 
83.7 
83.6 
83.5 
83.4 
83.3 
83.3 
83.3 
83.1 
83.0 
81.9 
81.9 
81.8 
81.7 
81.6 
81.6 
81.6 
81.4 
81.3 
bl.3 
bl.3 
bl.l 
81.0 
80.9 
bO.9 
8U.8 
80.7 
80.6 
80.6 
80.5 
80.4 
80.3 
80.3 
80.3 
80.1 
80.0 
79.9 
79.9 
79.8 
79.7 
79.6 
70.6 
79.6 



Lotang. N. sine 



10.671948 
671443 
570938 
570434 
669930 
669437 
568935 
668433 
667931 
667430 
666930 

10.666430 
665930 
565431 
564983 
664434 
563937 
663430 
662933 
663487 
661941 

10.661446 
660953 
660457 
659964 
669471 
658978 
568486 
567994 
567503 
657012 

10.656631 
666033 
565543 
6550^3 
6645(i5 
654077 
653589 
653102 
553016 
553130 

10.651644 
551159 
560b74 
550190 
549706 
549223 
548 V 40 
548257 
647776 
647294 

10.546813 
546332 
545852 
546372 
544893 
544414 
543936 
643468 
543W81 
543504 



3688:; 
85910 
3593 
859^ 
8599^ 
3602- 
86050 
3607y 
,3610. 

l86186|96634 
86163 96517 



N« cu 
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9.7Q9941 
710163 
710364 
710576 
710786 
710967 
711308 
711419 
711639 
711839 



I Cosine. 



36.4 
36.4 
36.4 
36.4 
36.3 
36.3 
36.3 
36.3 
36.3 
36.3 
36.2 
36.3 
36.3 
36.1 
36.1 
36.1 
36.1 
36.0 
36.0 
36.0 
36.0 
36.9 
36.9 
36.9 
36.9 
36.9 
36.8 
36.8 
36.8 
36.8 
36.7 
36.7 
36.7 
36.7 
36.6 
36.6 
35.6 
36.6 
36.6 
36.6 
36.6 
36.6 
36.4 
36.4 
36.4 
36.4 
36.3 
36.3 
36.3 
35.3 
35.3 
36.3 
36.3 
36.3 
36.3 
36.1 
36.1 
36.1 
36.1 
86.0 



Cosine. ID. 10" 



9.937631 
937458 
937386 
937313 
937338 
937166 
937093 
937019 
936946 
936873 
936799 

9.936736 
936662 
936678 
936605 
936431 
936367 
986284 
936210 
936136 
936062 

9.986988 
936914 
936840 
936766 
936692 
936618 
935643 
936469 
936395 
936320 

^.936246 
935171 
936097 
936023 
934948 
934873 
934798 
934733 
934649 
934674 

9.934499 
934434 
934349 
934374 
934199 
934133 
934048 
933973 
933893 
933833 

0.933747 
933671 
933696 
933630 
933446 
933369 
933393 
933317 
933141 
933066 



]' Sine 



13.1 
13.3 
13.3 
13.3 
13.3 
13.3 
13.3 
13.3 
13.3 
13.3 
13.3 
13.3 
13.3 
13.3 
13.3 
13.3 
13.3 
13.3 
13.3 
13.3 
13.3 
13.3 
13.3 
13.3 
13.4 
13.4 
13.4 
13.4 
13.4 
13.4 
13.4 
13.4 
12.4 
12.4 
12.4 
12.4 
12.4 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
13.6 
13.6 
13.6 
12.6 
13.6 
13.6 
13.6 
13.6 
13.6 
13.6 
13.6 
13.6 
13.6 
13.6 
13.6 
13.6 



9. 



9. 



9. 



TSni. 



9. 



9. 



9. 



761439 
761731 
763033 
763314 
763606 
763897 
763188 
763479 
763770 
764061 
764363 
764643 
764933 
766334 
766614 
766806 
766095 
766386 
766676 
766965 
767356 
767645 
767834 
768134 
768413 
768703 
768993 
769381 
769570 
769860 
770148 
770437 
770736 
771015 
771303 
771593 
771880 
773168 
773467 
773745 
773033 
773321 
773608 
773896 
774184 
774471 
774759 
776046 
776333 
775631 
776908 
776195 
776483 
776769 
777056 
777342 
777638 
777915 
778301 
778487 
778774 



Ootang. 



D. W\ Cotang. j N. sine. 



48.6 
48.6 
48.6 
48.6 
48.6 
48.5 
48.6 
48.6 
48.6 
48.5 
48.4 
48.4 
48.4 
48.4 
48.4 
48.4 
48.4 
48.3 
48.3 
48.3 
48.3 
48.3 
48.3 
48.3 
48.2 
48.3 
48.3 
48.3 
48.3 
48.1 
48.1 
48.1 
48.1 
48.1 
48.1 
48.1 
48.0 
48.0 
48.0 
48.0 
48.0 
48.0 
47.9 
47.9 
47.9 
47.9 
47.9 
47.9 
47.9 
47.8 
47.8 
47.8 
47.8 
47.8 
47.8 
47.8 
47.7 
47.7 
47.7 
47.7 



10.338661 
338269 
337977 
237686 
337394 
337103 
336813 
336531 
336330 
335939 
335648 

10.335357 
235067 
234776 
234486 
334195 
233905 
333616 
233326 
233035 
232745 

10.332455 
232166 
331876 
281587 
331297 
231008 
230719 
230430 
230140 
229852 

10-229563 
329274 
228985 
228697 
228408 
238130 
227832 
227643 
227255 
226967 

10.336679 
336393 
336104 
335816 
335539 
335341 
334954 
334667 
334879 
224092 

10*223806 
223618 
223231 
222946 
222668 
222372 
233085 
331799 
331613 
331326 



Tang. 



60000 
50026 
60050 
50076 
60101 
50126 
60161 
50176 



86603 
86688 
86673 
86569 
86544 
86630 
86616 
86501 



6020186486 



60227 
50252 
50277 
60302 
50327 
60362 
50377 
50403 



86471 
86457 
86442 
86427 
86413 
86398 
86384 
86369 



50428 86364 
60463 86340 
6D478 86325 



50603 



86310 



60628 86296 



50653 
60678 
50603 
60628 
60654 
50679 
50704 
50729 
50754 
60779 
50804 
50829 
50854 



60904 
50929 
50954 
50979 



51029 
51054 
51079 
51104 
51129 



N. COS. 



86381 
86266 
86261 
86237 
86222 
86207 
86192 
86178 
86163 
86148 
86133 
86119 
86104 



60879 86089 



86074 
86069 
86046 
86030 



5100486016 



86000 
85986 
86970 
85966 
85941 



51154 85926 
5117i> 85911 



51204 
61229 
51254 
51279 
61304 
61329 
51354 
51379 
51404 
61429 
61464 
51479 
51604 



85896 
85881 
86866 
86851 
85836 
85821 
85806 
86793 
85777 
86763 
86747 
85733 
85717 



N. COS. N.8ine. 



60 
69 
68 
67 
56 
66 
64 
63 
63 
61 
60 
49 
48 
47 
46 
46 
44 
43 
43 
41 
40 
39 
38 
37 
36 
36 
34 
33 
33 
31 
30 
39 
38 
37 
36 
35 
34 
33 
33 
31 
30 
19 
18 
17 
16 
16 
14 
13 
13 
11 
10 
9 
8 
7 
6 
6 
4 
3 
3 
1 




69 Degrees. 



. (Sl<^ Vltartl Sine*. TABLE IL 



717063 „ 
717S69 , 
717466 „ 
717873, „ 



.7aOS46;^ 
7205491^ 
720764 1 3 



9.778774 . 
779000 3 
779346 ] 
77B032 . 



780776 I 
781060 2 
781346 J 



783771 2 
783066 J 
783341 7 
7S36Q6 4 
783 mo 4 
78419B 4 
784479 4 
9,784764 4 



9.787603 ? 

787886 4 

788170 : 

788463 4 

788736 T 



7901BI T 
9.79043S T 
790716 4 
7909S9 T 
791281 4 
791563 4 
791846 4 



S6476 
86461 
SB446 
. ... 86481 
6S«03 86416 



I6a«76 
iBtilOl 
|G31!fl>8b340 



S09984 '53647 ml6\ 



309001 1 1 
308719 'E 
308437 t 
308164 C 
301873 C 
307b90 C 



TS68S7 
737037 
787228 



728037 
9.738437 



729223 
7S9423 
739831 



732687 
732784 
732980 
733177 



734849 
734939 
735330 
735719 
73(il09 



927867 
927787 
927708 
927629 
.927549 
927470 
927390 
927310 
927231 
927161 
927071 
82699' 
92691 



925303 

9.925141 
9360lia 
924979 
934897 
934816 
934735 
934654 
934673 



923766 
933673 
933691 



797194 
797475 
797765 



799717 
799997 
B0O377 



.801676 
801956 
802284 
602613 



804187 
.804466 
E04746 



201404 

10.301133 

300643 



Co«ina 



5!84728 
53140'84712 
53164 84697 



B4324 



53705 

53730 

63764 

53779 

63e04!84392 

5382H;84377 

63e63JH4361 

53877184346 

63903 B4330 

5393ti 84214 

63961 J841 " " 

640001841 
64034!; 
640491' 
64073 



64146184072 
6417184057 
5419584011 
54220^4025 
'64244B4009 



, 54293 J83978 
64343 H3946 



a Tu««nU. (Xn Null 



737080 

787467 
737661 
7a7SM 
738048 
.738341 
73H434 



740550 
740742 
740934 



.T4aOHO 
742371 
743462 



743413 

743603 

743793 

3.743983 

744361 
744660 
744739 
T44938 



746813 

747187 
747374 



920772 
920688 
9306O4 

930436 

920363 

930368 

9.9S0IS4 



B3B7I3 
835986 

.826582 



547Ub8S 
64T33tM 
64766 HS 



54S&4»B 
548T8B3 
64903«3 



560348f 
66048 K 
66072te 



66657 t 



66605 H3] 
66630 b3098 
65064 »3ue3 
55678183066 
65702^3050 

5576a'83017 
65776163001 
i'H3985 



TABTJ n. Log. Wbm ud Tuigoati. (U°) 


.^^ . i 




StiH. 


BTIO" 


CQMit- 


on 


<^> T««. 


D. 


0» Colug. 


(jrfni. 









9 74T663 




9.918674 




„ 9.838967 
i 829260 


46 
46 
46 
46 
46 
46 

46 
46 
46 

46 

46 

46 
46 
46 

45 

46 

4e 
46 
46 
46 
46 


, 10.171018 
I 170740 
* 17IM6S 


66919 


83904 


60 




'7477M 




918489 








69 




T47S3e 








; 839633 


65968 




68 




748123 




91B3I8 




: 899806 


1 170196 
J 169993 


66993 




67 








918S33 




: 830077 


66016 


(9839 


66, 


fi 






918147 


H 


* 8303W 

i 830621 
q 880693 


66O10 


■(2899 


66' 


e 


748683 




918062 


I 169379 




S3806 






748870 




917976 




I 169107 


56068 


B2790 




8 


749006 




917891 




t 831166 




66112 






9 






91TB06 




I 881437 


* 168663 


66136 


S2767 


61 


10 


743426 


31 !o 






t 831709 


I 168991 
' 10.168019 


66160 


^2741 


60 




9.74961ti 






B ». 831981 


66184 




49 




749801 




917548 




, B3336S 


I 1B7747 
J 167475 


B6308 


i9708 


48 


13 


T49987 


31.0 
S0.9 


917463 




: 839636 




B9699 








917876 




i 833796 


* 167304 


66366 


S9675 


46 


IS 


7»)3B6 




917290 




I 833068 


I 166939 


66380 


S2669 




16 


760643 








g 833339 


;; 166661 


66305 


93643 






760729 




917118 






* 166389 








IS 


760914 


30,9 
30-8 


91703* 




f 834161 
I 834495 


^ 166118 


66363 


59610 


43 


le 


751099 


916946 


14 


^ 166846 


66377 


^3698 


41 


90 






916869 


^ 166576 


66401 


89577 


40 


31 


9.761469 


¥i 


9.916773 




^9.834696 


^ 10,166304 




63561 


39 




761664 


916687 






-; 165033 






36 




751838 


30,8 


916600 






% 184769 


66473 










30,8 






J 836609 


^ 164491 


66497 


82611 




36 


752208 


80,7 






; 836780 


? 164930 


66691 


82496 


36 












I 836051 


1 163949 


66645 


82478 


34 




765576 


30,7 


916254 


14 


? 836339 


46 

46 

46 

45 
46 
46 
46 
46 
46 
46 
46 
46 


; 1636.8 




82462 


33 






30,7 


916167 




? 836693 


' 163407 






33 






30.7 


916081 




% 836864 


; 163136 


66617 








7S3i3e 


30.6 
30-6 




14 

14 


l 837134 


' 162866 


56641 


82413 


30 








^ 3.837406 


; 10,162595 


66666 


823D6 


39 






3U.6 
30-6 


916820 






; 162326 


56689 


8238a 




83 




916733 


14 


5 837946 






83363 




34 


763863 


30!5 


916646 


2 838216 


! 161784 


56736 


82347 




36 


764046 


91G559 




I 838487 


' 161613 


56760 


83330 


26 


36 


75422S 


soIb 


91M7S 
916386 


14 


K 638757 
^ 839037 


^ 161243 


56764 


H2314 
82297 


34 
23 






916297 




K 639297 


" 160703 




82281 






75m8 ^S-5 






% 639568 


160439 










764960 304 




14 


° 839838 


" 160169 


E6880 


83248 


90 










g ». 840106 


10.169893 


66904 










914948 


14 




45 
46 


" 169693 




82214 








914860 








66969 


33196 








914773 




5 840917 


2 169083 




82181 










14 


^ 841187 
„ 841457 


44 


I 168813 


67000 


82165 








914696 


U 


I 158643 


57024 


83146 








914510 




g 641796 


44 


I 168274 


57017 


82139 




48 


766GO0 iM 


914422 






I 158004 


67071 






49 


914334 




I 842266 












756792 ll'l 






" 642635 


44 


^ 1B74B5 


67119 


83089 








). 914168 




^ 9, 842806 


I 10,187196 


57143 


82066 








914070 






M 




57167 


83048 




G3 


767326 ?Sq 


913992 




1 84334a 












76760; ''S'2 


913894 




; 843613 


I 


^ 166388 


57216 


83015 




K5 


757688 1^1 


913806 


14 


;j 843862 


» 156118 


57338 


81999 








913718 






I 156849 


57962 


81982 






7^0M **•' 


913630 






B 165660 


57386 


81966 




S8 


758230 fni 


913541 


li 


J 844689 


44 


1 1663U 

2 155043 
" 164773 




81949 




G9 


768411 iM 


913463 


; 641968 


67334 


S1933 




60 


768691 1*"- • 


913366 




' 846237 


6736b 


81916 






TS.i^l 










T.«g, 










66 B-k™., II 



1 




- - - -;| 


56 


L«(. Blii» >ad TuipMiU. (M°) 


Nltml BlDM. TABLI n. 1 








tr' CoJilQa. 




^"f- 


D. 


0^^«nj_ 









9.768B91 


30 
30 
30 
30 


1 B.913365 




9.B46237 




y 10.164773 


B7368U9I6 


60 




768772 


' 913376 




&45496 


U 




B73Sltel899 




a 




n 913187 




846764 


I 164336 


57406^1882 












846033 












I 913010 




846302 




§ 163430 


57453 81848 


66 








846670 


44 

44 
44 


E7477 81833 


65 




7596731?^ 


„ 913833 






i 163161 


67501 81815 


64 




769863;^ 
TBOOail^S 


u 912744 




B4710T 




57524 S1798 


63 




" 912656 




847376 


; 153624 


67648 81783 




9 


7imu 


39 
29 
29 


I 912666 




847644 




' 162356 


6767381766 









I 912477 




847H13 




I 15S087 


67596181748 








t 9.912386 




9.8461S1 




, 10' 151819 




49 


2 








848449 








48 


3 


760927 


^ 




848717 








47 




761106 




B489B6 


44 

44 
44 
44 
44 


I 151014 




46 




761386 




5 912031 




819264 


: 160746 


67716^1664 
67738^1647 


45 




761464 




s 911942 


14:9 
14.8 


849622 


i 150478 








39 


° 911863 


849790 


' 150310 


67762Sl681 




18 


761821 


' 911763 


850058 


* 119943 










29 


J 911674 


m:9 


850336 


g 149675 


&7810il597 




M 






860693 






40 


31 










0.860861 






39 


23 






I 911406 






44 






38 


33 


763712 


29 
29 










679Ol5l530 


37 


34 










° 148336 


67928&1513 


36 


36 


763067 


2 911136 




851931 


B 1480S9 


6795261436 


35 


36 


763215 


% 911046 




852199 




I 117801 


67976 11479 




a? 


763422 


I 910966 


15.0 


863466 


44 


g 147534 


67999 SI 463 


33 








I 910866 


863733 




68023^1446 




29 


763777 




I 910776 


853001 


44 
44 


^ 146999 


68047 41438 


31 


30 


763964 


3S 






t 141J733 


580ToIb1413 


30 


31 


9,764131 


* J.910596 




9.850636 


° 10.116465 


68094^1396 


29 


33 


7643Ce 


2S 


° 91060li 




863803 


44 
44 

44 
44 


I 146198 


B8U8 U378 


28 




764486 


I 910415 




851069 








34 




29 






864336 








36 




* 910236 




854603 






26 


36 




39 








° 146130 


58212 11310 




37 


765191 


* 910064 




865137 


° 44863 




23 




766367 


* 909963 




856404 


" 44696 




as 


39 


766644 


* 909873 




856671 


" 44329 
^ 44063 






40 






^ 909782 




855938 






41 


9.766S9S 


39 
29 
29 


I J. 909691 




9.86(i301 


44 






43 




^ 909601 




866471 










766317 


I 909610 




856737 




68378 31191 






766423 


J 909419 






44 
41 


T 142998 


58401 B1174 






766698 


% 909328 






I 143730 


58425 81157 






766774 


* 909337 
„ 909146 




867637 


I 143463 


58449 81140 








16.2 


857803 


I 142191 


58473 81133 




48 


767124 


39 
39 


' 909065 


868069 




58496 81 lOS 






7673U0 


^ 906964 


868336 








50 


767476 


* 908873 




858603 




58543 i10I2 




61 


9.767649 


; 9,908781 


15:3 




I 10.141133 


58567 il036 




62 


767824 




869134 


« 

44 
44 
44 


t 140866 


5*590 il038 




63 


767999 


J 9085^9 




8B9400 


° lioww 


58614 11021 




64 


768173 


i 908607 




859666 


I 110334 


B86S7 tlO04 








' 908416 




859933 


% 140068 
I 139803 


58661 10987 








l -008834 




860198 


58681 10970 






7686UJ 




908233 




3S0464 












I 908141 




860730 








G9 


769045 


2S 


I 8^ 






2 139005 


58766 10919 




GO 


769219 




881261 


'^ 139739 


58779 1U902 







CcHlKe. 




Slug. 








TMlg. 


N.«« h,.iue 


-[ 



TABLE n. 


Log. »«. ud TuigntiL CM°) 


NUunl aincL 57 




8in^ 


tt_ 


0«] C«inf. 


"■"n 


T«.g. 


0^ 


0" CotaDg. |N.rim ■ 








».T6«219 


39 
38 


9.907958 




9.861361 


s 


, 10.138739 


58779 




60 




769393 


a '907866 
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33 

S3 
33 
33 
33 
33 








967739 


* 043361 


6719404061 


47 




9S7467 


I 869474 






957993 


i 049007 


67316174041 


46 


IB 


837606 


;; 869360 








5 041754 

r 0*1500 


6733- 


74039 


46 


16 


837746 


* 869346 
















83T884 


, 669130 






968754 


% 041346 




78989 


43 






f 869016 




^ 


969008 


I 040993 


67301[73963 


« 


19 


8981^1 


; 868900 


Ifi 


959363 


t 040738 




73944 


41 


90 


838301 


J 868786 


959516 


i 0*0484 


6734- 


73924 


40 


91 


9.838439 


\ 1.868670 


IS 




9.959769 


I 10.040331 


67366 


73904 


38 


BS 


838678 


J 36B566 






I 039977 


6738; 




38 


33 


838716 


{ 868440 




■ 960377 






73865 


37 


34 


£28866 


33 
33 
S3 

33 


n 868334 






960681 


I 039469 
I 039916 


6743( 








838993 


l 868309 




3 


960784 


67463 




36 




839131 


l 868093 




961038 


? 038963 


fi7473'73V06 


34 




839369 


" 867978 




961391 


49 
43 
43 

43 
43 


t 038709 




33 


38 


839407 


? 867863 


19 


3 




; 038*66 


6':,\':-.V:i,l 


33 


39 


839646 


K 967747 




? 038301 




31 


3D 


839663 


33 
33 
32 


" 867631 








% 037948 


^itlu ix'.'-JS 


30 




1.839831 


X 1.867516 






9.963306 


I 10.087694 


675SU7Li;iP8 




33 


839969 


" 867399 




^ 


963660 


I 037440 


67602 


13688 






S30097 


X 867383 


19 




963813 


% 037187 


67693 


73669 




84 


830234 


33 
33 


5 867167 






* 036933 


67645 


73649 


36 


S6 


830373 


Q 867061 








^ 036680 




73699 


36 


S6 


830609 


I 866936 
I 866819 










° 036436 




73610 




87 


830646 


19 


1 


963S37 


i 










se 




23 
33 

33 


I 866703 




964081 


1 035919 


67730 






as 


830931 






964336 


I 035666 


67763 


73661 




40 




t 866470 






964588 


43 
43 

43 
43 
43 
43 
43 
43 
49 


^ 036413 


67773 


73531 




41 


9.831196 


I J.866363 








* 10.036158 


67795 


73611 




43 


831333 










^ 034906 


6781( 


78491 




43 


831469 








965349 






7S473 






831606 


33 
33 
33 

33 
33 

33 
33 

33 
35 


, 866004 






065603 


^ 034398 


67B5S 


73463 




46 


831743 


I 865887 






965866 


* 034146 


67881 


73433 






831879 


I 866770 






966109 


* 033891 




73413 








5 866663 






966363 


;; 033638 


BT?'-.'3|7:JJ93 




48 


833163 


i 866636 




^ 


966616 


i 033384 


rr,-yw';3J73 




49 




L 866419 






966869 


; 033181 




73J68 




SO 


833431! 


, 866303 


W 




967138 


* 032877 
1 10.039634 
I 033871 
i 039117 
^ 031864 
1 031611 




13338 




Gl 


> 833661 


L 1.866166 




9.967376 


eduob 








B33697 


; 866068 




967639 


68039 


13394 




63 




I 864960 






967883 


68061 


7S374 




64 


833969 


i 864833 
t 864716 






96B136 


49 
49 


6807i 


78964 




66 


833106 






968389 




73334 




66 


833341 


: 864698 
^ 864481 
t B64363 












73316 




67 


833377 






968896 




68136 






68 


8336131" 
883648,^ 
833783^ 






969149 




68157 


73176 






° 864346 






969403 


• 030697 


68179 


73166 




BO 


" 864137 




969666 


•" 030344 


B8200 




± 


~ 
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9.841771 




9.356934 
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30 

30 
30 

2(1 
20 
20 
90 
3I] 

3C 
20 
20 


. 1.93483T 


43 
43 
43 

43 

49 


, 10.015163 


69466 


71934 


60 




841903 




S56812 


I 936090 


: 014910 


69487 


11914 


69 


S 










I 014667 


69608 


71894 


68 


3 






856B6S 




' 014404 


69639 


71873 


67 




942294 




866446 




i 014162 


89649 








843424 




856333 


* 986101 


i 013899 


69670 


71833 






843655 




8B6301 


: 986364 


; 013646 


69691 


71813 






843686 




8B6078 


* 986607 


43 

42 
42 
42 
42 
4S 

42 
■O 
42 
43 
42 
42 
42 

42 
42 
42 
42 
42 

42 
42 
42 


; 013393 


69612 


71793 




8 


8«281B 




856966 


* 987113 


! 013140 


69633 


71773 


69 


fl 


8^946 


31,7 


866833 


\ 012888 


69664 


71769 


61 


10 


843076 




865711 


' 013686 


69676 




60 




9.843306 






* ).987618 


\ 10.012382 


69696 




49 




84333H 




886466 


° 087871 


; 012139 


69717 


71691 


48 




843466 




866342 


1 988128 


' 011877 


69737 


71671 






843S95 




866319 




; 011634 


69761 


71660 


46 








856096 


I 988628 


; 011371 




71630 


46 


16 


843855 








J 011118 


69801 


71610 




n 


843984 








! 010866 


69831 


71690 




IB 


844U4 




854727 




{ 010613 


69843 




43 


19 


844343 




854603 


30 




f 010360 


69862 






SO 


844372 




854480 




; 010107 


69883 


71639 


40 




9.844603 




S. 364366 




I 9. 9901 46 


; 10.009866 


69904 


71606 


39 




844631 




854333 


30 
20 

20 




{ 009603 


69936 


71488 


38 




844760 


21.5 

31,6 






; 00934S 


6994S 


71468 


37 


34 


844889 


863986 


° 990903 


' 009097 






36 


S6 


845018 
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863862 


l 991166 


\ 008844 


8998: 


71497 




36 


846147 




863738 


I 991409 
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27 


846376 
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; 008338 


70029 
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38 


845406 




853490 


I 991914 
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31 


30 
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31 
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861997 


% 994947 


1 006063 


70398 


71131 


20 




9.847071 




9.851873 


I 9.995199 


1 10.004801 
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31.3 


851246 


3C 




J 003B37 


70433 
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LOGARITHMS 








TABLE III. 








LOGARITHMS OF NUMBERS. 






From 1 to 200, 






INOLUDING 


TWELVE DECIMAL 


PLACES. 


N. 
1 


Log. 


41 


Log. 


N. 


Log. 


000000 000000 


612783 866730 


81 


906485 018879 


S 


301039 996664 


43 


623249 290398 


82 


913813 852384 


8 


477131 364720 


43 


633468 466680 


83 


919078 092376 


4 


603069 991338 


44 


643462 676486 


84 


924279 286062 


6 


698970 004336 


46 


663212 613776 


86 


929418 925714 


6 


778161 360384 


46 


662767 831682 


86 


934498 451244 


7 


846098 040014 


47 


672097 867926 


87 


939519 252619 


R 


903089 986993 


48 


681241 237376 


88 


944482 672160 


9 


964243 609439 


49 


690196 080028 


89 


949390 006646 


10 


Same at to 1. 


60 


Same as to 5. 


90 


Same as to 9. 


11 


041393 686168 


61 


707670 176098 


91 


969041 392821 


13 


079181 346048 


62 


716003 343636 


92 


968787 827346 


13 


113943 362307 


63 


724276 869601 


93 


968482 948564 


14 


146138 036678 


64 


732393 759823 


94 


973127 853600 


16 


176091 ^9066 


66 


740362 689494 


96 


977723 606889 


16 


304119 982666 


66 


748188 027006 


96 


982371 333040 


17 


330448 921378 


67 


765874 865672 


97 


986771 734266 


18 


266272 605103 


68 


763427 993663 


98 


991226 076692 


19 


278763 600963 


69 


770852 011642 


99 


995635 194598 


30 


Same a« to S. 


60 


Same as to 0. 


100 


Same as to 10« 


31 


332219 2947 


61 


786329 836011 


101 


004321 373783 


33 


343432 680822 


62 


792391 699498 


102 


008600 171763 


33 


361727 836018 


63 


799340 649463 


103 


012837 224705 


34 


380211 241712 


64 


806179 973984 


104 


017033 339299 


26 


397940 008672 


66 


812913 366643 


105 


021189 299070 


36 


414973 347971 


66 


819543 935642 


108 


025305 865265 


37 


431363 764169 


67 


826074 802701 


107 


029383 777685 


38 


447168 031342 


68 


832508 912706 


108 


033423 755487 


39 


462397 997899 


69 


838849 090737 


109 


037426 497941 


80 


Same a« to 3. 


70 


Same as to 7. 


110 


Same as to 11. 


31 


491361 693834 


71 


851258 348719 


111 


046322 978787 


83 


606149 978320 


72 


857332 496431 


112 


049218 022670 


33 


618613 939878 


73 


863322 860120 


113 


053078 443483 


34 


631478 917042 


74 


869231 719731 


114 


06G904 851336 


86 


644068 044360 


76 


876061 263392 


116 


060697 840364 


86 


666302 600767 


76 


880813 692281 


116 


064457 989227 


37 


668201 724067 


77 


886490 725172 


117 


068186 861746 


88 


679783 696617 


78 


892094 602690 


118 


071882 007306 


89 


691064 607026 


79 


897627 091290 


119 


076646 961393 


40 


Same as to 4. 


80 


Same as to 8. 


120 


Same as to 12. 



OF NUMBERS. 
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N. 


Log. 


N. 


Log. 


N. 


Log 


131 


063786 370316 


148 


170261 716396 


176 


348038 048686 


123 


066369 830676 


149 


173186 368413 


176 


246612 667814 


133 


089906 111439 


160 


176091 269066 


177 


247973 366363 


134 


093431 686163 


161 


178976 947293 


178 


360430 003309 


126 


096910 013006 


163 


181843 687946 


179 


363863 030960 


136 


100370 646118 


163 


184691 430618 


180 


266373 606103 


137 


103803 730966 


164 


187620 720836 


181 


367678 674869 


138 


107209 969648 


166 


190331 698170 


183 


360071 387986 


139 


110689 710399 


166 


193124 688364 


183 


363461 069730 


130 


Same u to 13. 


167 


196899 662409 


184 


364817 833010 


131 


117371 396666 


168 


198667 086964 


186 


367171 738403 


133 


130673 931306 


169 


301397 124320 


186 


369613 944318 


133 


133861 640967 


160 


304119 963666 


187 


371841 606636 


134 


137104 798366 


161 


206826 876032 


188 


374167 849364 


136 


130333 768496 


163 


309616 014643 


189 


376461 804173 


136 


133638 908370 


163 


313187 604404 


190 


378763 600963 


137 


136730 667166 


164 


314843 848048 


191 


381033 367348 


138 


139879 086401 


166 


317483 944214 


192 


383301 328704 


139 


143014 800364 


166 


220106 088040 


193 


286567 309006 


140 


146138 036678 


167 


323716 471148 


194 


287801 729930 


141 


149319 113666 


168 


326309 281726 


196 


290034 611362 


143 


162288 344383 


169 


227886 704614 


196 


292266 071356 


143 


166336 037466 


•170 


230448 921378 


197 


294466 226163 


144 


168363 492096 


171 


232996 110392 


198 


296666 190262 


146 


161368 002236 


173 


236628 446908 


199 


298863 076410 


146 


164362 866784 


173 


338046 103129 






147 


167317 334748 


174 


340649 348383 







LOGARITHMS OF THE PRIME NUMBERS 

From 200 to 1643, 
INCLUDING TWELVE DECIMAL PLACES. 



N. 



201 
203 
207 
209 



Log. 



211 
223 


348304 


227 


366026 


229 


369836 


233 


367356 


239 


878897 


241 


382017 


261 


399673 


267 


409933 


263 


419955 


269 


429752 


271 


432969 



303196 057420 
307496 037913 
315970 345457 
320146 286111 



863048 
857193 
482340 
921026 
900948 

042575 
721481 
123331 
748490 
280002 



N. 



Log. 



290874 



277 
381 
283 
293 
307 

311 
313 
317 
331 
337 

347 
349 
363 
369 
867 

373 



442479 769064 
448706 319906 
451786 436524 
466867 620354 
487138 375477 



493760 
495644 
601059 
619837 
637639 

640329 
642826 
547774 
665094 
664666 



389027 
337646 
262218 
993776 
900671 

474791 
426969 
705388 
448678 
064262 



N. 



671708 831809 



379 
383 
389 
397 
401 

409 
419 
421 
431 
433 

439 

443 
449 
467 
461 

463 



Log. 



678639 209968 
683198 773968 
589949 601326 
698790 606763 
603144 372620 



611723 
622214 
624282 
634477 
636487 

642424 
646403 
662246 
669916 
663700 



308007 
022966 
095836 
270161 
896363 

620243 
726223 
341003 
200070 
925390 



666580 991018 
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467 


Log. 


N. 
821 


L0!<. 


N. 
1171 


Log. 


6B9alc> 680566 


914343 157119 


U68656 896073 


479 


680335 513414 


833 


916399 835212 


1181 


072249 807613 


487 


687538 961315 


827 


917505 509553 


1187 


074450 718966 


491 


691081 493133 


829 


918554 530550 


1193 


076640 443670 


499 


698100 545623 


839 


933761 960829 


1201 


0/9543 007386 


603 


701667 986066 


853 


930849 081168 


1313 


083860 800846 


509 


706717 782337 


857 


933980 821923 


1217 


065290 678210 


631 


716837 723300 


859 


933993 163831 


1223 


087426 468017 


633 


718501 688867 


863 


936010 795715 


1329 


089551 882866 


641. 


733197 355107 


877 


943999 593356 


1231 


690258 052912 


647 


737987 326333 


881 


944976 908413 


1287 


092369 699609 


657 


745855 195174 


883 


946960 703578 


1249 


096562 438356 


668 


750608 394851 


887 


947923 619832 


1259 


100026 729204 


669 


765112 266895 


907 


957607 287060 


1277 


106190 896808 


571 


756636 108246 


911 


959518 376973 


1279 


106870 642460 


677 


761176 813166 


919 


963316 511386 


1388 


106236 656363 


687 


768638 101248 


939 


968015 71S994 


1^89 


110253 917337 


693 


773054 693364 


937 


971739 590B88 


1291 


110926 243517 


699 


777426 822389 


941 


973589 623427 


1297 


112939 986066 


601 


778874 472003 


947 


976349 979003 


1301 


114377 296540 


607 


783138 691076 


963 


979092 900638 


1308 


114944 415712 


613 


787460 474518 


967 


985426 474083 


1307 


116275 587564 


617 


790285 164033 


971 


987219 229906 


1319 


120244 795568 


619 


791690 649020 


977 


989894 563719 


1321 


120903 817604 


631 


800029 369244 


983 


992653 517832 


1327 


122870 922849 


641 


806858 029619 


991 


996073 654485 


1361 


133858 125188 


643 


808210 972934 


997 


998695 158312 


1367 


135768 514554 


647 


810904 280669 


1009 


003891 166237 


1373 


137670 637223 


653 


814913 181275 


1013 


005609 445360 


1381 


140193 678544 


659 


818885 414594 


1019 


008174 184006 


1399 


145817 714123 


661 


810201 459486 


1031 


009026 742087 


1409 


148910 994096 


673 


828015 064224 


1031 


013268 665284 


1423 


153204 896567 


677 


830588 668686 


1033 


014100 321520 


1427 


164424 012366 


683 


834420 703682 


1039 


016615 547557 


1429 


156032 228774 


691 


839478 047374 


1049 


030775 488194 


1433 


156246 402184 


701 


845718 017967 


1051 


031603 716028 


1439 


158060 793919 


709 


860646 235183 


1061 


025716 383901 


1447 


160468 631109 


719 


856728 890383 


1063 


026533 264523 


1451 


161667 412427 


727 


861534 410859 


1069 


028977 705209 


1453 


162265 614286 


733 


865103 974742 


1087 


036229 544066 


1459 


164055 291888 


739 


868644 488395 


1091 


037824 750588 


1471 


167612 672629 


743 


870988 813761 


1093 


038620 161950 


1481 


170555 068512 


751 


855639 937004 


1097 


040206 627575 


1483 


171141 151014 


757 


879095 879500 


iioa 


042595 512440 


1487 


172310 968489 


761 


881384 656771 


1109 


044931 546119 


1489 


172894 731333 


769 


886926 339801 


1117 


048053 173116 


1493 


174059 807708 


773 


888179 493918 


1123 


060379 756261 


1499 


175801 632866 


787 


895974 732359 


1129 


052693 941925 


1511 


179264 464329 


797 


901458 321396 


1151 


061076 323630 


1523 


182699 903324 


809 


907948 521612 


1153 


061829 307295 


1631 


184976 190807 


811 


909020 854211 


1163 


065579 714728 


1543 


188366 926063 
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AUXILIARY LOGARITHMS. 




Log. 



003891166237 
003460632110 
003029470554 
002598080685 
002166061756 
001733712775 
001300933020 
000867721529 
000434077479 





N. 


1 


1.0009 




1,0008 




1.0007 




1.0006 


Ia 


1.0006 




1.0004 




1.0003 




1.0002 


y 


1.0001 



Log. 



000390689248 

000347296684 

000303899784 

0002604d8547 

000217092970 

000173683057 

000130268804 

000086850211 

000043427277 



1 



c 



N. 






1.00009 
1.00008 
1.00007 
1.00006 
1.00006 
1.00004 
1.00003 
1.00003 
1.00001 



Log. 



000039083266 
000034740691 
000030398072 
000026056410 
000021712704 
000017371430 
000013028638 
000008685802 
000004342923 



"¥: 



1.000009 
1.000008 
1.000007 
1,000006 
1.000006 
1.000004 
1.000003 
1.000002 
1.090001 



Log. 



000003908628 

000003474338 

000003040047 

000002605766 

000002171464 

000001737173 

000001302880 

000000868587 

000000434294 



N. 



1.0000001 

1.00000001 

1.000000001 

1,0000000001 



Log. 



000000043429 (a) 

000000004343 <o) 

000000000434 (9) 

000000000043 (q) 



«t=0.434529448l9 log. —1.637784298. 

By the preceding tables — and tb« auxiliaries -4, By and 
C, we can find the logarithm of any number, true to at least 
ten decimal places. 

But some may prefer to use the following direct formula, 
which may be found in any of the standard works on algebra: 

Log. (2f+l)=log.2-f0.86B6889638/^-JL'\ 

The result will be true to twelve decimal places, if z be 
over 2000. 

The log. of composite numbers can be determined by the 
combination of logarithms, already in the table, and the prime 
numbers from the formula. 

Thus, the number 3083 is a prime number, find its loga- 
rithm. 

We first find the log, of the number 3082. By factoring, 
we discover that this is the product of 46 into 67. 
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Log. 46, 1.6627678316 

Log. 67, 1.8260748027 

Log. 3082 3.4888326343 

Log. 3083=3.4888326343+9i???^^^?£2i 
* ^ 6165 



NUMBERS AND THEIR LOGARITHMS, 

OFTEN USED IN COMPUTATIONS. 



Circumference of a circle to dia. 1 1 Log. 

Surface of a sphere to diameter \\ ==3.14169266 0.4971499 
Area of a circle to radius 1 ) 

Area of a circle to diameter 1 = .7863982 — 1.8960899 
Capacity of a sphere to diameter 1 = .6235988 — 1.7189986 
Capacity of a sphere to radius 1 =4.1887902 0.6220886 



Arc of any circle equal to the radius =57^29578 1.7681226 
Arc equal to radius expressed in sec. =206264"8 6.31 44261 
Length of a degree, (radius unity)=.01 745329 —2.2418773 

12 hours expressed in seconds, = 43200 4.6364837 

Complement of the same, =0.00002315 —5.3645163 

360 degrees expressed in seconds, = 1296000 6.1 126050 

A gallon of distilled water, when the temperature is 62° 
Fahrenheit, and Barometer 30 inches, is 277.fVffV cubic 
inches. 

7'277.274=16.661642 nearly. 



4 



277.274 



= 18.78925284 J 231 =16.198684. 



.775398 



^^^- .= 18.948708. 



J 282 =16.792866. 



.786398 

The French Metre =3. 2808992, English feet linear mea- 
sure, =39.3707904 inches, the length of a pendulum vi- 
brating seconds. 
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TRAVERSE TABLE. 71 


HDeg. 


IDeg. 


IJ^Deff. 


2 Deg. 1 


Lat 


Bep. 


La*. 


Dep. 
0. 02 


Lat 


Dep. 


Lat 


Dep. 


1. 00 


0. 01 


1.00 


1. 00 


0. 03 


1.00 


0. 03 


2 


2. 00 


0. 02 


2. 00 


0. 03 


2. 00 


0.05 


2. 00 


0.07 


3 


3. 00 


0. 03 


3. 00 


0. 05 


3- 00 


0. 08 


3. 00 


0. 10 


4 


4. 00 


0. 03 


4. 00 


0. 07 


4. GO 


0. 10 


4. 00 


0. 14 


6 


. 5. 00 


0. 04 


5. 00 


0. 09 


5. 00 


0. 13 


5. 00 


0. 17 


6 


6. 00 


0. 05 


6. 90 


0. 10 


6. 00 


0. 16 


6. 00 


0. 21 


7 


7. 00 


0. 06 


7. 00 


0. 12 


7.00 


0. 18 


7. 00 


0. 24 


8 


8. 00 


0. 07 


8. 00 


0. 14 


8. 00 


0. 21 


7. 99 


0. 28 


9 


9. 00 


0. 08 


9. 00 


0. 16 


9. 00 


0. 24 


8.99 


0. 31 


10 


10. 00 


0. 09 


10. 00 


0, 17 


10. 00 


0. 26 


9. 99 


0. 35 


11 


11. 00 


0. 10 


11. 00 


0. 19 


11. 00 


0. 28 


10. 99 


0. 38 


12 


12. 00 


0. 10 


12. 00 


0. 21 


12. 00 


0. 31 


11. 99 


0. 42 


13 


13. 00 


0. 11 


13. 00 


0. 23 


13. 00 


0. 34 


12. 99 


0. 45 


14 


14. 00 


0. 12 


14. 00 


0. 24 


14. 00 


0. 37 


13. 99 


0. 40 


15 


15. 00 


0. 13 


15. 00 


0.26 


14.99 


0. 39 


14.99 


0. 52 


16 


16. 00 


0. 14 


16. 00 


0.28 


15. 99 


0- 42 


15. 99 


0. 56 


17 


17. 00 


0. 15 


17. 00 


0. 30 


16. 99 


0. 45 


16. 99 


0. 69 


18 


18. 00 


0. 16 


18. 00 


0. 31 


17. 99 


0.47 


17. 99 


0. 63 


19 


19. 00 


0. 17 


19. 00 


0. 33 


18.99 


0. 50 


18. 99 


0. 66 


20 


20. 00 


0. 17 


20. 00 


0. 36 


19. 99 


0. 52 


19.99 


0. 70 


21 


21. 00 


0. 18 


21. 00 


0. 37 


20. 99 


0. 55 


20. 99 


0. 73 


22 


22. 00 


0. 19 


22. 00 


0. 38 


21.99 


0. 68 


21.99 


0.77 


23 


23. 00 


0. 20 


23. 00 


0. 40 


22. 99 


0. 60 


22. 99 


0- 80 


24 


24. 00 


0. 21 


24. 00 


0. 42 


23. 99 


0. 63 


23. 99 


0. 84 


25 


25. 00 


0. 22 


25. 00 


0. 44 


24. 99 


0. 65 


24.98 


0.87 


26 


26. 00 


0. 23 


26. 00 


0.46 


25. 99 


0. 68 


25. 98 


0.91 


27 


27. 00 


0. 24 


27. 00 


0. 47 


26. 99 


0. 71 


26. 98 


0. 94 


28 


28. 00 


0. 24 


28. 00 


0. 49 


27. 99 


0. 73 


27. 98 


0. 98 


29 


29. 00 


0. 25 


29. 00 


0.51 


28. 99 


0.76 


28. 98 


1. 01 


30 


30. 00 


0. 26 


30. 00 


0.52 


29. 99 


0. 79 


29.98 


1.05 


35 


35. 00 


0. 31 


34. 99 


0. 61 


34. 99 


0. 92 


34. 98 


1.22 


40 


40. 00 


0. 35 


39. 99 


0. 70 


39. 99 


1. 05 


39. 98 


1. 40 


45 


45.00 


0. 39 


44. 90 


0.79 


44. 99 


1. 18 


44. 97 


1.57 


50 


50. 00 


0. 44 


49. 99 


0.87 


49. 98 


1. 31 


49. 97 


1.74 


55 


55. 00 


0. 48 


54. 99 


0.96 


54. 98 


1. 44 


64. 97 


1.92 


60 


60. 00 


0.52 


59.90 


0. 05 


69. 98 


1. 57 


59. 96 


2. 09 


65 


65. 00 


0.57 


64. 99 


1. 13 


64. 98 


1. 70 


64. 96 


2.27 


70 


70. 00 


0. 61 


69. 99 


1. 22 


69. 98 


1. 83 


69, 96 


2. 44 


75 


75. 00 


0. 65 


74. 99 


1. 31 


74. 97 


1. 96 


74.95 


2. 62 


80 


80. 00 


0. 70 


79.99 
84.99 


1. 40 


79. 97 


2. 09 


79. 96 


2.79 


85 


85. 00 


0. 74 


1. 48 


84. 97 


2. 23 


84. 95 


2.97 


90 


90. 00 


0. 79 


89. 99 


1.57 


89.97 


2. 36 


89.95 


8.44 


95 


90. 00 


0. 83 


94. 99 


1.66 


94. 97 


2. 49 


94. 94 


3. 32 


100 


100. 00 


0.87 


99.98 


1. 75 


99. 97 


2. 62 


99. 94 


3.49 


Dep. 


Lat 


Dep. 


Lat 


Dep. 


Lat 


Dep. 


Lat 


Se^Deg. 


89Deg. 


88H 


Deg. 


88 Deg. 1 
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TRAVERSE TABLE. 


t5 


ly^ihg. 


8Deg. 


8>^Deg. 1 4 Deg. | 


lAt 


Dep. 


UL 


Dep. 


Lat. 


Dep. Lat 


Dep. 


1 


1.00 


0. 04 


1. 00 


0. 06 


1. 00 


0. 06 1. 00 


0. 07 


a 


2.00 


0. 09 


2. 00 


0. 10 


2. 00 


0. 12 


2. 00 


0. 14 


3 


3. 00 


0. 13 


3. 00 


0. 16 


2. 99 


0. 18 


2. 99 


0. 21 


4 


4. 00 


0. 17 


3. 99 


0. 21 


3. 99 


0. 24 


3. 99 


0. 28 


6 


6.00 


0. 22 


4.99 


0. 26 


4. 99 


0. 31 


4.99 


0. 36 


6 


6.99 


0.26 


6.99 


0. 31 


6. 99 


0. 37 


6. 99 


0. 42 


7 


6.99 


0. 31 


6. 99 


0. 37 


6. 99 


0. 43 


6. 98 


0. 49 


8 


7. 99 


0. 36 


7.99 


0. 42 


7. 99 


0. 49 


7. 98 


0. 66 


9 


8.99 


0. 39 


8. 99 


0. 47 


8. 98 


0. 66 


8. 98 


0. 63 


10 


9.99 


0. 44 


9.99 


0.62 


9. 98 


0. 61 


9. 98 


0. 70 


11 


10. 99 


0. 48 


10. 98 


0. 68 


10. 98 


0. 67 


10. 97 


0. 77 


12 


11. 99 


0. 62 


11. 98 


0. 63 


11. 98 


0. 73 


11. 97 


0. 84 


13 


12. 99 


0. 67 


12. 98 


0. 68 


12. 99 


0.79 


12. 97 


0. 91 


14 


13.99 


0.61 


13. 98 


0. 73 


13. 97 


0. 86 


13.97 


0. 98 


16 


14. 99 


0. 66 


14. 98 


0.79 


14.97 


0. 92 


14. 96 


1. 06 


16 


16.99 


0. 70 


16.98 


0. 84 


16.97 


0. 98 


16. 96 


1. 12 


17 


16.98 


0. 74 


16.98 


0. 89 


16. 97 


1. 04 


16. 96 


1. 19 


18 


17.98 


0.79 


17.98 


0. 94 


17. 97 


1. 10 


17.96 


1.26 


19 


18. 98 


0. 83 


18.98 


0. 99 


18. 96 


1. 16 


18. 96 


1. 33 


20 


19.98 


0. 87 


19.97 


1.06 


19. 96 


1. 22 


19.96 


1. 40 


21 


20. 98 


0. 92 


20.97 


1. 10 


20. 96 


1.28 


20. 96 


1. 46 


22 


21. 98 


0. 96 


21. 97 


1. 16 


21. 96 


1. 34 


21. 96 


1.63 


23 


22. 98 


1. 00 


22.97 


1.20 


22. 96 


1. 40 


22. 94 


1. 60 


24 


23. 98 


1. 06 


23.97 


1.26 


23. 96 


1.47 


23. 94 


1. 67 


26 


24. 98 


1. 09 


24. 97 


1. 31 


24. 96 


1.63 


24.94 


1. 74 


26 


26. 98 


1. 13 


25. 96 


1. 36 


26. 96 


1. 69 


25. 94 


1. 81 


27 


26. 97 


1. 18 


26. 96 


1.41 


26. 96 


1.66 


26. 93 


1.88 


28 


27. 97 


1. 22 


27.96 


1.47 


27. 96 


1.71 


27. 93 


1.96 


29 


28.97 


1.26 


28.96 


1.62 


28.96 


1.77 


28.93 


2.02 


30 


29.97 


1. 31 


29. 96 


1.67 


29. 94 


1.83 


29. 93 


2. 09 


36 


34.97 


1. 63 


34.96 


1.83 


34. 93 


2. 14 


34.91 


2.44 


40 


39. 96 


1.76 


39.96 


2.09 


39. 93 


2.44 


39. 90 


2.79 


46 


44. 96 


1. 96 


44 94 


2. 36 


44. 92 


2.76 


44. 89 


3. 14 


60 


49.96 


2. 18 


49.93 


2. 62 


49. 91 


3. 06 


49. 88 


3. 49 


66 


64.96 


2. 40 


64.92 


2.88 


64.90 


3. 36 


64. 87 


3. 84 


60 


69. 94 


2. 62 


69.92 


3. 14 


69. 89 


3. 66 


69. 83 


4. 19 


66 


64. 94 


2. 84 


64. 91 


3. 40 


64. 88 


3.97 


64. 84 


4. 63 


70 


69. 93 


3.06 


69. 90 


3. 66 


69.87 


4. 27 


69. 83 


4. 88 


76 


74. 93 


3.27 


74. 90 


3. 93 


74. 86 


4.68 


74.82 


6. 23 


80 


79.92 


3. 49 


79.89 


4. 19 


79.86 


4. 88 


79.81 


6.58 


86 


84.92 


3.71 


84.88 


4.46 


84.84 


6. 19 


84.79 


6.93 


90 


89. 91 


3.93 


89.98 


4.71 


89. 83 


6. 49 


89.78 


6. 28 


96 


94. 91 


4. 14 


94.87 


4.97 


94. 82 


6.80 


94. 77 


6. 63 


100 


99.91 


4. 36 


99. 86 


6.23 


99. 81 


6. 10 


99. 76 


6.98 


Dep* 


Lat. 


Sep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


87K 


Deg. 


87 Deg. 


S6}4 Deg. 


86 Deg. 1 


«= .- '1 
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1 


4>^l>eg. 


6 Deg. 


by^Deg. 


eD^ 1 


UL 


Dep. 


Lftt 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


1.00 


0. 08 


1. 00 


0.09 


1. 00 


0. 10 


0. 99 


0. 10 


a 


1.99 


0. 16 


1.99 


0. 17 


1. 99 


0. 19 


1.99 


0.21 


3 


2.99 


0. 24 


2.99 


0.26 


2.99 


0.29 


2.98 


0. 31 


4 


3. 99 


0. 31 


3.98 


0. 35 


3. 98 


0. 38 


3. 98 


0. 41 


6 


4. 98 


0. 39 


4.98 


0.44 


4. 98 


0. 48 


4. 97 


0.52 


6 


5. 98 


0. 47 


5.98 


0.52 


5.97 


0.58 


6. 97 


0. 63 


7 


6. 98 


0. 55 


6.97 


0.61 


6.97 


0. 67 


6. 96 


0. 73 


8 


7.98 


0. 63 


7.97 


0.70 


7.96 


0. 76 


7. 96 


0. 84 


9 


8.97 


0.71 


8. 97 


0. 78 


8. 96 


0. 86 


8. 95 


0. 94 


10 


9.97 


0. 78 


9. 96 


0.87 


9. 95 


0. 96 


9.95 


1. 05 


11 


10.97 


0. 86 


10.96 


0. 96 


10. 95 


1. 05 


10. 94 


1. 15 


12 


11.96 


0.94 


11.95 


1. 05 


11. 94 


1. 15 


11. 93 


1. 25 


13 


12.96 


1. 02 


12. 95 


1. 13 


12. 94 


1. 25 


12. 93 


1. 36 


14 


13. 96 


1. 10 


13. 95 


1. 22 


13. 94 


1. 34 


13. 92 


1. 46 


16 


14.95 


1. 18 


14. 94 


1. 31 


14. 93 


1. 44 


14. 92 


1.57 


16 


15. 95 


1.26 


15. 94 


1. 39 


15. 93 


1.53 


15. 91 


1.67 


17 


16.95 


1. 33 


16. 94 


1. 48 


16. 92 


1. 63 


16. 91 


1. 78 


18 


17. 94 


1. 41 


17. 93 


1.57 


17. 92 


1. 73 


17. 90 


1. 88 


19 


18.94 


1. 49 


18. 93 


1. 66 


18. 91 


1- 82 


18. 90 


1. 99 


20 


19. 94 


1.57 


19. 92 


1.74 


19. 91 


1. 92 


19. 89 


2. 09 


21 


20. 94 


1. 65 


20. 92 


1. 83 


20. 90 


2. 01 


20. 88 


2.20 


22 


21. 93 


1.73 


21. 92 


1. 92 


21. 90 


2. 11 


21. 88 


2. 30 


23 


22. 93 


1. 80 


22. 91 


2. 00 


22. 89 


2. 20 


22. 87 


2. 40 


24 


23. 93 


1. 88 


23. 91 


2. 09 


23. 89 


2. 30 


23. 87 


2.51 


25 


24. 92 


1. 96 


24. 90 


2. 18 


24. 88 


2. 40 


24. 86 


2. 61 


26 


25. 92 


2. 04 


25.90 


2.27 


25. 88 


2. 49 


25. 86 


2. 72 


27 


26. 92 


2. 12 


26. 90 


2. 35 


26. 88 


2.59 


26. 85 


2.82 


28 


27. 91 


2.20 


27. 89 


2. 44 


27. 87 


2. 68 


27. 85 


2. 93 


29 


28.91 


2.28 


28. 89 


2.53 


28.87 


2.78 


28. 84 


3. 03 


30 


29.21 


2. 35 


29. 89 


2.61 


29. 86 


2.88 


29. 84 


3. 14 


35 


34. 89 


2. 75 


34. 87 


3. 05 


34. 84 


3. 35 


34. 81 


3. 66 


40 


39. 88 


3. 14 


39. 85 


3.49 


39. 82 


3. 83 


39. 78 


4. 18 


45 


44.86 


3. 53 


44.83 


3. 92 


44. 79 


4. 31 


44. 75 


4. 70 


50 


49.85 


3. 92 


49.81 


4. 36 


49. 77 


4.79 


49. 73 


5. 23 


55 


54. 85 


4.08 


54. 79 


4.79 


54.75 


5.27 


54.70 


5. 75 


60 


59. 84 


4. 45 


59.77 


5. 23 


59.72 


5.75 


59. 67 


6. 27 


65 


64.82 


4. 82 


64.75 


5. 67 


64. 70 


6. 23 


64. 64 


6. 79 


70 


69.81 


5. 19 


69. 73 


6. 10 


69. 68 


6.71 


69. 62 


7. 32 


75 


74.79 


5.65 


74.71 


6-54 


74. 65 


7. 19 


74.59 


7. 84 


80 


79. 78 


5.93 


79.70 


6. 97 


79. 63 


7.67 


76. 56 


8. 36 


85 


84.77 


6. 30 


84. 68 


7. 41 


84. 61 


8. 15 


84. 53 


8. 88 


90 


89.75 


6.67 


89. 66 


7. 84 


89. 59 


8. 63 


89. 51 


9. 41 


95 


94.74 


7. 04 


94. 64 


8. 28 


94. 56 


9. 11 


94. 48 


9. 93 


100 


99.73 


7.41 


99. 62 


8. 72 


99. 54 


9.58 


99.45 


10.43 


Dep. 


Lat 


Dep. 


Lat 


Dep. 


Lat. 

1 


Dep. 


Lat 


86J^ Deg. 


85 D 


«g. 


84H Deg. 


84 Deg. j 








Ji 
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TRAVERSE TABLE. 






1 


e^D^ 1 


7 Deg. 


7>^Deg. 1 


8 Deg. 




L«t. 


1^ 


Lat 


D•^ 


Lat 


Dep. 


iiat 


Dep. 




0.99 


0. 11 


0. 99 


0. 12 


0. 99 


0.13 


0. 99 


0. 14 




3 


1.99 


0.23 


1.99 


0. 24 


1.98 


0.26 


1.98 


0. 28 




3 


2.98 


0. 34 


2.98 


0. 37 


2 97 


0.39 


2. 97 


0. 42 




4 


3.97 


0.45 


3.97 


0. 49 


3. 97 


0.52 


S. 96 


0. 56 




6 


4.97 


0.57 


4.96 


0.61 


4. 96 


0.65 


4.95 


0. 70 




6 


5. 96 


0.68 


5. 96 


0.73 


5. 95 


0.78 


5.94 


0. 84 




7 


6.96 


0.79 


6.95 


0. 85 


6.94 


0.91 


6. 93 


0. 97 




8 


7.96 


0.91 


7. 94 


0. 97 


7.93 


1.04 


7.92 


1. 11 




9 


8. 94 


1. 02 


8.93 


1. 10 


8.92 


1.17 


8.91 


1. 25 




10 


9. 94 


1. 13 


9.93 


1. 22 


9. 91 


1.31 


9. 90 


1. 39 




11 


10.93 


1.25 


10. 92 


1. 34 


10. 91 


1.44 


10. 89 


1.53 




la 


11.92 


1. 36 


11. 91 


1. 46 


11. 90 


1.57 


11. 88 


1.67 




13 


12.92 


1.47 


12.90 


1. 58 


12. 89 


1.70 


12.87 


1. 81 




14 


13. 91 


1.59 


13. 90 


1. 71 


13.88 


1.83 


13.86 


1.95 




15 


14.90 


1.70 


14. 89 


1. 83 


14. 87 


1.96 


14.85 


2. 09 




16 


15.90 


1. 81 


15. 88 


1. 95 


15. 86 


2.09 


15. 84 


2.23 




17 


16.89 


1. 92 


16. 87 


2. 07 


16. 85 


2.22 


16. 83 


2.37 




18 


17.88 


2. 04 


17.87 


2. 19 


17. 85 


2.35 


17.82 


2.51 




19 


18. 88 


2. 15 


18.86 


2. 32 


18.84 


2.48 


18. 82 


2. 64 




20 


19.87 


2. 26 


19. 85 


2. 44 


19. 83 


2.61 


19. 81 


2.78 




21 


20. 87 


2. 38 


20. 84 


2.56 


20. 82 


2.74 


20. 80 


2. 92 




22 


21. 86 


2. 49 


21. 84 


2. 68 


21. 81 


2.87 


21.79 


3.06 




23 


22. 85 


2. 60 


22. 83 


2. 80 


22. 80 


3.00 


22. 78 


3. 20 




24 


23. 85 


2. 72 


23.82 


2. 92 


23. 79 


3. 13 


23. 77 


3. 34 




25 


24. 84 


2.83 


24. 81 


3.05 


24. 79 


3.26 


24. 76 


3. 48 




26 


25. 83 


2. 94 


25. 81 


3. 17 


25. 78 


3.39 


25.75 


3. 62 




27 


26. 83 


3. 06 


26.80 


3.29 


26. 77 


3.52 


26. 74 


3. 76 




28 


27.82 


3. 17 


27. 79 


3. 41 


27.76 


3.65 


27. 73 


3. 90 




29 


28.81 


3.28 


28.78 


3. 53 


28. 75 


3.79 


28. 72 


4.04 




30 


29.81 


3. 40 


29.78 


3. 66 


29. 74 


3.92 


29.71 


4. 18 




35 


34. 78 


3. 96 


34.74 


4. 27 


34.70 


4.57 


34. 66 


4.87 




40 


39.74 


4.53 


39.70 


4. 87 


39. 66 


5.22 


39. 61 


5.57 




45 


44.71 


5. 09 


44. 67 


5. 48 


44. 62 


5.87 


44. 56 


6.26 




50 


49. 68 


5. 66 


49. 63 


6. 09 


49. 57 


6.53 


49. 51 


6. 96 




55 


54. 65 


6. 23 


54.59 


6.70 


55. 58 


6.70 


54.46 


7. 65 




60 


59. 61 


6.79 


59. 55 


7. 31 


59. 55 


7.31 


59. 42 


8.36 




65 


64.58 


7. 36 


64. 52 


7. 92 


64. 52 


7.92 


64. 37 


9 05 




70 


69.55 


7.92 


69. 48 


8.53 


69. 48 


8.53 


69. 32 


9.74 




75 


74.52 


8. 49 


74.44 


9. 14 


74.44 


9.14 


74. 27 


10. 44 




80 


79.49 


9. 06 


79.40 


9.75 


79. 40 


9.76 


79. 22 


11. 13 




85 


84.45 


9.62 


84. 37 


10. 36 


84. 37 


10.36 


84. 17 


11.83 




90 


89.42 


10. 19 


89. 33 


10. 97 


89. 33 


10.97 


89. 12 


12. 53 




95 


94. 39 


10.75 


94. 29 


11. 58 


94. 29 


11.58 


94. 08 


13.22 




100 


99. 36 


11.32 


99.25 


12. 19 


99. 25 


12. 19 


99. 03 


13.92 




Dep. 


Lat 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


Lat. 




88K 


Deg. 


83 Deg. 


82H 


Deg. 


82 Deg. 


■ 
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f 


B}4 »««• 


ODeg. 


»Mi><«. 


10 Deg. 1 


Lftt 


Dep. 


Lst 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


1 


0.99 


0. 16 


0. 99 


0. 16 


0.99 


0. 17 


0. 98 


0. 17 


2 


1.98 


0. 30 


1.98 


0. 31 


1.97 


0. 33 


1. 97 


0. 36 


3 


2.97 


0. 44 


2.96 


0. 47 


2. 96 


0. 60 


2. 96 


0.62 


4 


3. 96 


0. 69 


3. 96 


0. 63 


3. 96 


0. 66 


3. 94 


0. 69 


5 


4.96 


0. 74 


4. 94 


0.78 


4. 93 


0. 83 


4. 92 


0. 87 


6 


^.93 


0. 89 


6.93 


0. 94 


6.92 


0.99 


6.91 


1. 04 


7 


6.92 


1. 03 


6.91 


1. 10 


6. 90 


1. 16 


6. 89 


1.22 


8 


7.91 


1. 18 


7. 90 


1. 26 


7.89 


1. 32 


7. 88 


1. 39 


9 


8.90 


1. 33 


8. 89 


1. 41 


8. 88 


1. 49 


8. 86 


1.66 


10 


9. 89 


1. 48 


9. 88 


1.66 


9. 86 


1.66 


9. 86 


1.74 


11 


10.88 


1. 63 


10. 86 


1. 72 


10. 86 


1.82 


10. 83 


1. 91 


12 


11.87 


1. 77 


11.86 


1. 88 


11.84 


1.98 


11. 82 


2. 08 


13 


12.86 


1.92 


12. 84 


2. 03 


12.82 


2. 16 


12. 80 


2. 26 


14 


13.86 


2. 07 


13. 83 


2. 19 


13. 81 


2. 31 


13.79 


2. 43 


15 


14.84 


2. 22 


14. 82 


2. 36 


14.79 


2. 48 


14. 77 


2. 60 


16 


16.82 


2. 36 


16.80 


2. 60 


16.78 


2.64 


16.76 


2.78 


17 


16. 81 


2.61 


16.79 


2.66 


16.77 


2. 81 


16.74 


2.96 


18 


17. 80 


2. 66 


17.78 


2. 82 


17.76 


2.97 


17. 73 


3. 18 


19 


18.79 


2. 81 


18.77 


2.97 


18.74 


3. 14 


18. 71 


3. 30 


20 


19.78 


2.96 


19.76 


3. 13 


19.73 


3. 30 


19.70 


3.47 


21 


20.77 


3. 10 


20. 74 


3.29 


20. 71 


3. 47 


20. 68 


3. 66 


22 


21.76 


3. 26 


21.73 


3. 44 


21.70 


3. 63 


21. 67 


3. 82 


23 


22.76 


3. 40 


22.72 


3. 60 


22. 68 


3. 80 


22. 65 


3.99 


24 


23.74 


3. 66 


23.70 


3. 76 


23.67 


3.96 


23. 64 


4. 17 


26 


24.73 


3. 70 


24. 69 


3. 91 


24. 66 


4. 13 


24.62 


4. 34 


26 


26.71 


3.84 


26.68 


4. 07 


26. 64 


4.29 


26. 61 


4. 61 


27 


26.70 


3.99 


26.67 


4.22 


26. 63 


4. 46 


26. 69 


4. 69 


28 


27. 69 


4. 14 


27.66 


4. 38 


27. 62 


4.62 


27.67 


4. 86 


29 


28.68 


4.29 


28.64 


4.64 


28.60 


4.79 


28.66 


6. 04 


30 


29.67 


4.43 


29. 63 


4.69 


29.69 


4.96 


29.64 


6. 21 


36 


34.62 


6. 17 


34.67 


6.48 


34.62 


6.78 


34. 47 


6. 08 


40 


39. 66 


6. 91 


39.61 


6. 26 


39. 46 


6.60 


39. 39 


6. 96 


46 


44. 61 


6.66 


44.46 


7.04 


44. 38 


7.43 


44. 32 


7. 81 


60 


49.46 


7. 39 


49. 38 


7.82 


49. 32 


8.26 


49. 24 


8. 68 


66 


64. 40 


8. 13 


64. 32 


8. 60 


64.26 


9.08 


54. 16 


9.96 


60 


69. 34 


8.87 


69.26 


9. 39 


69. 18 


9.90 


69. 09 


10. 42 


66 


64.29 


9. 61 


64.20 


10. 17 


64. 11 


10. 73 


64. 01 


11.29 


70 


69. 23 


10. 36 


69. 14 


iO. 96 


69.04 


11.66 


68.94 


12. 16 


76 


74. 18 


11.09 


74. 08 


11.73 


73.97 


12. 38 


73.86 


13.02 


80 


79. 12 


11.82 


79. 02 


12.61 


78.90 


13. 20 


78.78 


13. 89 


86 


84.07 


12.66 


83.96 


13. 30 


83. 83 


14.03 


83.71 


14.76 


90 


89.01 


13. 30 


88. 89 


14. 08 


88.77 


14.86 


88. 63 


16.63 


96 


93.96 


14 04 


93. 83 


14.86 


93. 70 


16.68 


93.66 


16.60 


100 


98.90 


14,78 
Lai. 


98.77 

1 


16.64 


98. 63 


16. 60 


98.48 


17.36 


Dep. 


Dep. 


Lat. 


Dep. 


UL 


Dep. 


Lat. 


81 J^ 


Deg. 


81] 


>eg. 


80K 


Deg. 


80 Deg. 1 


If 
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TRAVERSE TABLE. 




1 


lOH De«- 1 


11 Di>g. j UH Deg. 


12 Deg. 1 


Lttt 


I>ep. 


Lat 


Dep. 


Lat 


Dep. Lat 


Dep. 


0. 98 


0. 18 


0. 98 


0. 19 


0.98 


0. 20 0. 98 


0. 21 


2 


1.97 


0. 36 


1.96 


0. 38 


1. 96 


0.40 1.96 


0. 42 


3 


2.95 


0.55 


2. 94 


0. 57 


2.94 


0. 60 2. 93 


0. 62 


4 


3. 93 


0.73 


3. 93 


0. 76 


3. 92 


0.80 


3.91 


0. 83 


6 


4.92 


0. 91 


4. 91 


0. 95 


4. 90 


1.00 


4.89 


1. 04 


6 


5.90 


1.09 


5.89 


1. 14 


5. 88 


1.20 


5.87 


.1. 25 


7 


6.88 


1.28 


6.87 


1. 34 


6. 86 


1.40 


6.85 


1. 46 


8 


7. 87 


1.46 


7.85 


1.53 


7.84 


1.59 


7.83 


1.66 


9 


8. 85 


1. 64 


8.83 


1. 72 


8. 82 


1.79 


8.80 


1.87 


10 


9. 83 


1. 82 


9. 82 


1. 91 


9. 80 


1.99 


9.78 


2. 08 


11 


10. 82 


2.00 


10. 80 


2. 10 


10. 78 


2.19 


10.76 


2.29 


12 


11. 80 


2. 19 


11.78 


2.29 


11. 76 


2.39 


11.74 


2. 49 


13 


12. 78 


2. 37 


12.76 


2.48 


12.74 


2.59 


12.72 


2.70 


14 


13. 77 


2.55 


13.74 


2. 67 


13.72 


2.79 


13.69 


2.91 


15 


14.75 


2.73 


14.72 


2. 87 


14.70 


2.99 


14.67 


3. 12 


16 


15. 73 


2. 92 


15.71 


2. 86 


15.68 


3.19 


15.65 


3. 33 


17 


16.72 


3. 10 


16.69 


3. 05 


16. 66 


3.39 


16.63 


3.53 


18 


17.70 


3.28 


17. 67 


3.24 


17.64 


3.59 


17.61 


3. 74 


19 


18.68 


3.46 


18. 65 


3. 43 


18. 62 


3.79 


18.68 


3.95 


20 


19.67 


3. 64 


19.63 


3. 63 


19. 60 


3.99 


19.56 


4. 16 


21 


20. 65 


3.83 


20. 61 


3.82 


20.58 


4.13 


20.64 


4. 37 


22 


21. 63 


4.01 


21.60 


4.01 


21. 56 


4.39 


21.52 


4.57 


23 


22. 61 


4. 19 


22. 58 


4. 20 


22. 54 


4.59 


22.50 


4. 78 


24 


23.60 


4.37 


23. 56 


4. 39 


23. 52 


4.78 


23.48 


4.99 


25 


24.58 


4.56 


24.54 


4.58 


24.50 


4.98 


24. 45 


5. 20 


26 


25.56 


4.74 


25.52 


4.77 


25. 48 


5.18 


25.43 


5. 41 


27 


26. 55 


4.92 


26.50 


4.96 


26. 46 


5.38 


26.41 


5.61 


28 


27.53 


5. 10 


27.49 


5. 15 


27.44 


5.58 


27. 39 


5.82 


29 


28.51 


5.28 


28.47 


5.34 


28. 42 


5.78 


28.37 


6. 03 


30 


29.50 


5.47 


29.45 


6.72 


29. 40 


5.98 


29. 34 


6.24 


35 


34. 41 


6.38 


34. 36 


6.68 


34. 30 


6.98 


34.24 


7.28 


40 


39. 33 


7.29 


39. 27 


7.63 


39. 20 


7.97 


39. 13 


8. 32 


45 


44.25 


8.20 


44. 17 


8.59 


44. 10 


8.97 


44.02 


9. 36 


50 


49. 16 


9. 11 


49. 08 


9.54 


49. 00 


9.97 


48.91 


10. 40 


55 


54. 08 


10.02 


53. 99 


10. 49 


53. 90 


10.97 


53. 80 


11. 44 


60 


59. 00 


10.93 


58. 90 


11.45 


58. 80 


11.96 


58.69 


12.47 


65 


63. 91 


11.85 


63.81 


12.40 


63. 70 


12.96 


63.68 


13. 51 


70 


68. 83 


12.76 


68.71 


13. 36 


68. 59 


13.96 


68.47 


14. 55 


75 


73. 74 


13.67 


73.62 


14. 31 


73. 49 


14.95 


73. 36 


15.59 


80 


78. 66 


14.58 


78.53 


15.26 


78. 39 


15.95 


78. 25 


16. 63 


85 


83.58 


15. 49 


83. 44 


16. 22 


83. 29 


16.95 


83. 14 


17.67 


90 


88. 49 


16.40 


88. 35 


17. 17 


88. 19 


17.94 


88. 03 


18. 71 


95 


93. 41 


17. 31 


93.25 


18. 13 


93. 09 


18.94 


92. 92 


19. 75 


100 


98. 33 


18.22 


98. 16 


19. 08 


97.99 


19.94 


97.81 


20. 79 


I>ep. 


Lat 


Dep. 


Lat. 


Dep. Lat. 


Dep. 


Lat j 


19)4 


Deg. 


79 ] 


[)eg. 


78KDeg. 


78 Deg. 1 


^. —^. J| 
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f 


12>i[Deg. 


ISDeg. 


18M I>«K- 




14] 


Deg. 


Lat 


Bep. 


Lat 


Dep. 


lAt 


Dep. 


Lat. 


Dep. 


1 


0. 98 


0. 


22 


0. 


97 


0.23 


0. 97 


0.23 


0. 


97 


0.24 


2 


1.95 


0. 


43 


1. 


95 


0.46 


1. 95 


0. 47 


1. 


94 


0.48 


3 


2.93 


0. 


65 


2. 


92 


0.67 


2.92 


0. 70 


2. 


91 


0. 73 


4 


3.91 


0. 


87 


3. 


90 


0. 90 


3. 89 


0.93 


3. 


88 


0.97 


5 


4.88 


X • 


08 


4. 


87 


1. 12 


4. 86 


1. 17 


4. 


85 


1.21 


6 


5.86 


X • 


30 


5. 


85 


1. 35 


5. 83 


1. 40 


5. 


82 


1.45 


7 


6. 83 


JL • 


52 


6. 


82 


1.57 


6.81 


1.63 


6. 


79 


1. 69 


8 


7.81 


A* 


73 


7. 


80 


1. 80 


7. 78 


1.87 


7. 


76 


1.94 


9 


8.79 


X • 


95 


8. 


77 


2. 02 


8.75 


2. 10 


8. 


73 


2. 18 


10 


9.76 


2. 


16 


9. 


74 


2.25 


9. 72 


2. 33 


9 


70 


2. 42 


11 


10.74 


2. 


38 


10. 


72 


2. 47 


10. 70 


2.57 


10. 


67 


2. 66 


12 


11.72 


2. 


60 


11. 


69 


2.70 


11.67 


2. 80 


11. 


64 


2. 90 


13 


12.69 


2. 


81 


12. 


67 


2.92 


12. 64 


3. 03 


12. 


61 


3. 15 


14 


13. 67 


3. 


03 


13. 


64 


3. 15 


13. 61 


3.27 


13. 


58 


3. 39 


15 


14.64 


3. 


25 


14. 


62 


3. 37 


14.59 


3. 50 


14. 


55 


3. 63 


16 


15. 62 


3. 


46 


15. 


59 


3. 60 


15. 56 


3.74 


15. 


52 


3.87 


17 


16. 60 


3. 


68 


16. 


57 


3. 82 


16. 53 


3. 97 


16. 


50 


4. 11 


18 


17.57 


3. 


90 


17. 


54 


4. 05 


17. 60 


4. 20 


17. 


47 


4. 35 


19 


18. 55 


4. 


11 


18. 


51 


4. 27 


18. 48 


4. 44 


18. 


44 


4. 60 


20 


19. 53 


4, 


33 


19. 


49 


4.50 


19. 46 


4. 67 


19. 


41 


4. 84 


21 


20.50 


4. 


55 


20. 


46 


4.72 


20. 42 


4. 90 


20. 


38 


5. 08 


22 


21.48 


4. 


76 


21. 


44 


4. 95 


21. 39 


5. 14 


21. 


35 


5. 32 


23 


22. 45 


4. 


98 


22. 


41 


5. 17 


22. 36 


5. 37 


22. 


32 


5.56 


24 


23. 43 


5. 


19 


23. 


38 


5. 40 


23. 34 


6. 60 


23. 


29 


5.81 


26 


24. 41 


5. 


41 


24. 


36 


5. 62 


24. 31 


5. 84 


24. 


26 


6. 05 


26 


.25. 38 


5. 


63 


25. 


33 


5. 85 


25. 28 


6. 07 


25. 


23 


6 29 


27 


26. 36 


5. 


84 


26. 


31 


6.07 


26. 25 


6. 30 


26. 


20 


6. 53 


28 


27. 34 


6. 


06 


27. 


28 


6. 30 


27. 23 


6. 54 


27. 


17 


6. 77 


29 


28. 31 


6. 


28 


28. 


26 


6.52 


28.20 


6.77 


28. 


14 


7. 02 


30 


29. 29 


6. 


49 


29. 


23 


6.75 


29. 17 


7.00 


29. 


11 


7.26 


35 


34. 17 


7. 


58 


34. 


10 


7.87 


34. 03 


8. 17 


33. 


96 


8.47 


40 


39. 05 


8. 


66 


38. 


97 


9.00 


38.89 


9. 34 


38. 


81 


9. 68 


45 


43. 93 


9. 


74 


43. 


85 


10. 12 


43. 76 


10. 51 


43. 


66 


10. 89 


50 


48. 81 


10. 


82 


48. 


72 


11.25 


48. 62 


11.67 


48. 


51 


12. 10 


55 


53. 70 


11. 


90 


53. 


59 


12. 37 


53.48 


12. 84 


53. 


37 


13. 31 


60 


58.58 


12. 


99 


58. 


46 


13.50 


58. 34 


14. 01 


58. 


22 


14 52 


65 


63. 46 


14. 


07 


63. 


33 


14. 62 


63. 20 


15. 17 


63. 


07 


15.72 


70 


68. 34 


15. 


15 


68. 


21 


15. 75 


68.07 


16. 34 


67. 


92 


16. 93 


75 


73. 22 


16. 


23 


73. 


08 


16. 87 


72. 93 


17.50 


72. 


77 


18. 14 


80 


78. 10 


17. 


32 


77. 


95 


18. 00 


77. 79 


18. 68 


77. 


62 


19. 35 


85 


82.99 


18. 


40 


82. 


82 


19. 12 


82. 66 


19. 84 


'82. 


48 


20. 56 


90 


87.87 


19. 


48 


87. 


69 


20.25 


87. 51 


21. 01 


|87. 


33 


21. 77 


95 


92.75 


20. 


56 


92. 


57 


21. 37 


92. 38 


22. 18 


92. 


18 


22. 98 


100 


97.63 


21. 


64 


97. 


44 


22. 50 


97.24 


23. 34 


97. 


03 


24. 19 


Dep. 


laX, 


Dep. 


Lftt 


©•p. 


Lftt 


Dep. 


Lat. 
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Deg. 
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TRAVERSE TABLE. 




1 


MJiDeg. 


lOD... 1 


Ib}^ Beg. 


16 Beg. 1 


L«t. 


Dep. 


Lat 


Bep. 


Lat 


Bep. 


Lat 


Bep. 


0.97 


0.25 


0.97 


0.26 


0. 96 


0.27 


0.96 


0.28 


3 


1. 94 


0.50 


1.93 


0. 52 


1. 93 


0.63 


1.92 


0.55 


3 


2.90 


0.75 


2.90 


0. 78 2. 89 


0.80 


2.88 


0. 83 


4 


3.87 


1.00 


3.86 


1. 04 3. 85 


1.07 


3.85 


1. 10 


6 


4. 84 


1.25 


4.83 


1.29 


4. 82 


1.34 


4. 81 


1. 38 


6 


5.81 


1.50 


5. 80 


1.55 


6. 78 


1.60 


6.77 


1.65 


7 


6.78 


1.75 


6. 76 


1.81 


6.76 


1.87 


6.73 


1.93 


8 


7.75 


2. 00 


7.73 


2.07 


7.71 


2. 14 


7.69 


2. 21 


9 


8.71 


2.25 


8.69 


2. 33 


8. 67 


2.41 


8.65 


2.48 


10 


9. 68 


2.50 


9.66 


2.59 


9. 64 


2.67 


9.61 


2.76 


11 


10.65 


2.75 


10. 63 


2. 85 


10. 60 


2.94 


10.57 


3.03 


12 


11. 62 


3. 00 


11.59 


3. 11 


11. 56 


3.21 


11.54 


3. 31 


13 


12.59 


3.25 


12.56 


3. 36 


12.53 


3.47 


12. 50 


3. 68 


14 


13.55 


3. 51 


13. 52 


3. 62 


13. 49 


3.74 


13. 46 


3.86 


15 


14. 52 


3.76 


14. 49 


3. 88 


14. 45 


4.01 


14. 42 


4. 13 


16 


15. 49 


4.01 


16.45 


4. 14 


15.42 


4.28 


15.38 


4.41 


17 


16. 46 


4.26 


16. 42 


4. 40 


16. 38 


4.54 


16. 34 


4.69 


18 


17. 43 


4. 51 


17. 39 


4.66 


17. 35 


4.81 


17. 30 


4.96 


19 


18. 39 


4.76 


18. 35 


4. 92 


18. 31 


5.08 


18.26 


5.24 


20 


19. 36 


5.01 


19. 32 


5. 18 


19. 27 


5.34 


19.23 


5.51 


21 


20. 33 


5.26 


20. 28 


5. 44 


20.24 


5.61 


20. 19 


5.79 


22 


21. 30 


5.51 


21. 25 


5. 69 


21. 20 


5.88 


21. 15 


6.06 


23 


22. 27 


5.76 


22. 22 


6.95 


22. 16 


6.15 


22. 11 


6. 34 


24 


23. 24 


6.01 


23. 18 


6.21 


23. 13 


6.41 


23. 07 


6.62 


25 


24. 20 


6.26 


24. 15 


6. 47 


24. 09 


6.68 


24. 03 


6.89 


26 


25. 17 


6.51 


25. 11 


6. 73 


25. 05 


6.95 


24.99 


7. 17 


27 


26. 14 


6.76 


26. 08 


6.99 


26. 02 


7.22 


25.95 


7.44 


28 


27. 11 


7.01 


27.05 


7.25 


26. 98 


7.48 


26.92 


7.72 


29 


28. 08 


7.26 


28. 01 


7.51 


27.95 


7.75 


27 88 


7.99 


30 


29.04 


7.51 


28.98 


7.76 


28. 91 


8.02 


28.84 


8.27 


35 


33. 89 


8.76 


33. 81 


9. 06 


33. 73 


9.35 


33. 64 


9. 65 


40 


38. 73 


10. 02 


38. 64 


10. 36 


38. 55 


10.69 


38. 45 


11. 03 


45 


43.57 


11.27 


43.47 


11.65 


43. 36 


12.03 


43.26 


12.40 


50 


48. 41 


12. 52 


48. 30 


12. 94 


48. 18 


13.36 


48. 06 


13.78 


55 


53.25 


13. 77 


53. 13 


14.24 


53. 00 


14. 70 


52.87 


15. 16 


60 


58. 09 


15. 02 


57.96 


15.53 


57.82 


16.03 


57.68 


16. 54 


65 


62. 93 


16.27 


62.79 


16. 82 


62. 64 


17.37 


62. 48 


17.92 


70 


67. 77 


17.53 


67.61 


18. 12 


67.45 


18.71 


67.29 


19. 29 


75 


72. 61 


18.78 


72.44 


19. 41 


72.27 


20.04 


72. 09 


20. 67 


80 


77. 45 


20. 03 


77.27 


20.71 


77.09 


21.38 


76. 90 


22. 05 


85 


82. 29 


21.28 


82. 10 


22. 00 


81. 91 


22.72 


81. 71 


23. 43 


90 


87. 13 


22. 53 


86. 93 


23.29 


86.73 


24.05 


86. 51 
91. 32 


24. 81 


95 


91. 97 


23.79 


91.76 


24.69 


91.54 


25.39 


26. 19 


100 


96.81 


25.04 


96.59 


26.88 


96. 36 


26.72 


96. 13 


27.66 


Bep. 


Lat. 


Dep. 


Lat 


Bep. 


Lat 


Bep. 


Lat 


lb}4 


Deg. 


76] 


Deg. 


74K 


I>eg. 


74] 


D^. 
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f 


Id^Deg. 


17 Deg. 


17HDeg. 


18Deg. 1 


Lat 


Dep. 


Lat 


Dep. 


Lat 


Dep. 


Ut 


Dep. 


1 


0.96 


0.28 


0.96 


0.29 


0. 95 


0. 80 


0.96 


0. 31 


2 


1.92 


0. 67 


1.91 


0.68 


1.91 


0. 60 


1.90 


0. 62 


3 


2.88 


0.85 


2. 87 


0.88 


2.86 


0. 90 


2.86 


0. 93 


4 


3. 84 


1. 14 


3. 83 


1. 17 


3. 81 


1.20 


3. 80 


1.24 


5 


4.79 


1. 42 


4.78 


1.46 


4.77 


1.60 


4.76 


1 66 


6 


6.75 


1. 70 


6.74 


1.75 


6.72 


1.80 


6.71 


1. 86 


7 


6.71 


1. 99 


6.69 


2.05 


6. 68 


2. 10 


6. 66 


2. 16 


8 


7.67 


2. 27 


7.65 


2. 34 


7. 63 


2. 41 


7.61 


2. 47 


9 


8. 63 


2. 66 


8. 61 


2. 63 


8.68 


2.71 


8.66 


2. 78 


10 


9.69 


2. 84 


9. 66 


2. 92 


9.54 


3. 01 


9 61 


3. 09 


11 


10.66 


3. 12 


10. 62 


3. 22 


10.49 


3. 31 


10.46 


3.40 


12 


11.61 


3. 41 


11. 48 


3.61 


11.44 


3.61 


11.41 


3.71 


13 


12.46 


3. 69 


12. 43 


3. 80 


12. 40 


3.91 


12. 36 


4. 02 


14 


13. 42 


3. 98 


13. 39 


4. 09 


13. 36 


4.21 


13. 31 


4. 33 


15 


14. 38 


4. 26 


14. 34 


4. 39 


14. 31 


4.61 


14.27 


4. 64 


16 


15. 34 


4.64 


16. 30 


4.68 


16.26 


4.81 


16.22 


4.94 


17 


16. 30 


4. 83 


16. 26 


4.97 


16. 21 


6. 11 


16. 17 


6.26 


18 


17. 26 


5. 11 


17.21 


5.26 


17. 17 


6. 41 


17. 12 


6.66 


19 


18.22 


6. 40 


18. 17 


6.66 


18. 12 


6.71 


18. 07 


6.87 


20 


19. 18 


6. 68 


19. 13 


6.85 


19. 07 


6.01 


19. 02 


6. 18 


21 


20. 14 


6. 96 


20. 08 


6. 14 


20. 03 


6. 31 


19.97 


6.49 


22 


21.09 


6. 25 


21. 04 


6. 43 


20. 98 


6. 62 


20. 92 


6. 80 


23 


22. 05 


6.63 


21. 99 


6.72 


21. 94 


6. 92 


21. 87 


7. 11 


24 


23. 01 


6. 82 


22. 95 


7. 02 


22. 89 


7.22 


22. 83 


7. 42 


25 


23. 97 


7. 10 


23.91 


7. 30 


23. 84 


7. 62 


23. 78 


7.73 


26 


24. 93 


7. 38 


24. 86 


7. 60 


24. 80 


7. 82 


24. 73 


8. 03 


27 


25. 89 


7. 67 


26. 82 


7.89 


25. 75 


8. 12 


25. 68 


8. 34 


28 


26. 85 


7. 95 


26.78 


8. 19 


26. 70 


8. 42 


26. 63 


8. 65 


29 


27.81 


8. 24 


27. 73 


8.48 


27. 66 


8.72 


27.68 


8. 96 


30 


28. 76 


8.62 


28. 69 


8.77 


28. 61 


9. 02 


28. 53 


9. 27 


35 


33. 56 


9. 94 


33. 47 


10. 23 


33. 38 


10. 62 


33. 29 


10. 82 


40 


38. 35 


11. 36 


38. 25 


11. 69 


38. 15 


12. 03 


38. 04 


12. 36 


45 


43. 15 


12. 78 


43. 03 


13. 16 


42. 92 


13. 63 


42. 80 


13.91 


60 


47. 94 


14. 20 


47. 82 


14.62 


47.69 


15. 04 


47. 55 


15. 45 


55 


52. 74 


16. 62 


52. 60 


16. 08 


62. 45 


16. 64 


52. 31 


17. 00 


60 


57.63 


17.04 


57. 38 


17.64 


67. 22 


18. 04 


67.06 


18. 54 


65 


62. 32 


18. 46 


62. 16 


19. 00 


61.99 


19. 55 


61.82 


20. 09 


70 


67. 12 


19. 88 


66. 94 


20. 47 


66. 76 


21. 05 


66. 67 


21. 63 


75 


71.91 


21. 30 


71.72 


21. 93 


71.63 


22. 55 


71. 33 


23. 18 


80 


76.71 


22. 72 


76. 50 


23. 39 


76. 30 


24. 06 


76. 08 


24. 72 


85 


81. 60 


24. 14 


81. 29 


24. 85 


81. 07 


25. 56 


80. 84 


26.27 


90 


86.29 


25.56 


86. 07 


26. 31 


85. 83 


27. 06 


85. 60 


27.81 


95 


91. 09 


26. 98 


90. 86 


27.78 


90. 60 


28. 67 


90. 35 


29. 36 


100 


96.88 


28. 40 


95. 63 


29. 24 


95. 37 


30. 07 


95. 11 


30. 90 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


Lat 


D«p. 


Lat 


73^ Deg. 


73 Deg. 


72J^ Deg. 


72 Deg. j 
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1 


M^Deg. 1 l»Deg. | 


lOK ^-1 ^ I>eg. 1 


Lst. 


1^ 


UL 


Dep. 


Lftt 


Dep. Lat 


Dep. 


0.95 


0.32 


0.95 


0. 33 


0.94 


0. 33 0. 94 


0. 34 


2 


1.90 


0. 63 


1.89 


0. 65 


1. 89 


0. 67 1. 88 


0.68 


3 


2.84 


0.95 


2. 84 


0.98 


2.83 


1. 00 2. 82 


1. 03 


4 


3.79 


1.27 


3. 78 


1. 30 


3. 77 


1. 34 8. 76 


1. 37 


6 


4.74 


1.59 


4. 73 


1.63 


4. 71 


1.67 


4.70 


1.71 


6 


5. 69 


1. 90 


5.67 


1. 95 


6. 66 


2.00 


5.64 


2.05 


7 


6.64 


2.22 


6.62 


2.28 


6. 60 


2.34 


6.58 


2. 39 


8 


7.59 


2.54 


7.56 


2.60 


7.54 


2.67 


7.52 


2.74 


9 


8.53 


2. 86 


8.51 


2.93 


8. 48 


3.01 


8.46 


3.08 


10 


9.48 


3. 17 


9. 46 


3. 26 


9. 43 


3.34 


9. 40 


3.42 


11 


10.43 


3. 49 


10. 40 


3.58 


10. 37 


3.67 


10. 34 


3.76 


12 


11. 38 


3.81 


11. 35 


3. 91 


11. 31 


4.01 


11.28 


4. 10 


13 


12. 33 


4. 12 


12.29 


4. 23 


12. 25 


4.34 


12.22 


4.45 


14 


13. 28 


4. 44 


13. 24 


4. 56 


13.20 


4.67 


13. 16 


4.79 


15 


14.22 


4. 76 


14. 18 


4.88 


14. 14 


5.01 


14. 10 


5. 13 


16 


15. 17 


5.08 


15. 13 


5. 21 


15. 08 


5.34 


15.04 


5.47 


17 


16. 12 


5. 39 


16. 07 


6.53 


16. 02 


5.67 


15.97 


5.81 


18 


17.07 


5. 71 


17, 02 


5.86 


16.97 


6.01 


16.91 


6. 16 


19 


18. 02 


6. 03 


17. 96 


6. 19 


17.91 


6.34 


17.85 


6.60 


20 


18.97 


6. 35 


18.91 


6.51 


18. 85 


6.68 


18.79 


6.84 


21 


19.91 


6. 66 


19. 86 


6.84 


19. 80 


7.01 


19. 73 


7. 18 


22 


20. 86 


6. 98 


20. 80 


7. 16 


20.74 


7.34 


20. 67 


7.52 


23 


21. 81 


7. 30 


21.75 


7.49 


21. 68 


7.68 


21. 61 


7.87 


24 


22.76 


7. 62 


22. 69 


7.81 


22. 62 


8.01 


22. 55 


8.21 


25 


23.71 


7. 93 


23. 64 


8. 14 


23.57 


8.34 


23. 49 


8. 65 


26 


24.66 


8.25 


24. 58 


8. 46 


24.51 


8.68 


24. 43 


8.89 


27 


25.60 


8.57 


25.53 


8. 79 


26. 45 


9.01 


25. 37 


9.23 


28 


26.55 


8. 88 


26.47 


9. 12 


26. 39 


9.34 


26. 31 


9.58 


29 


27.50 


9.20 


27. 42 


9. 44 


27.34 


9.68 


27.25 


9.92 


30 


28.45 


9.52 


28. 37 


9.77 


28.28 


10.01 


28. 19 


10. 26 


35 


33. 19 


11. 11 


33. 09 


11. 39 


32.99 


11.68 


32.89 


11.97 


40 


37. 93 


12. 69 


37.82 


13. 02 


37. 71 


13.35 


87.59 


13. 68 


45 


42.67 


14.28 


42.55 


14.65 


42. 42 


15.02 


42. 29 


15. 39 


50 


47. 42 


15.87 


47.28 


16.28 


47. 13 


16.69 


46. 98 


17. 10 


55 


52. 16 


17.45 


52. 00 


17.91 


51. 85 


18.36 


51. 68 


18. 81 


60 


56. 90 


19. 04 


56.73 


19.53 


56.56 


20.03 


56. 38 


20. 52 


65 


61. 64 


20. 62 


61. 46 


21. 16 


61.27 


21.70 


61. 08 


22.23 


70 


66. 38 


22. 21 


66. 19 


22.79 


67.98 


23.37 


65.78 


23. 94 


75 


71. 12 


23. 80 


70. 91 


24. 42 


70.70 


25.04 


70. 48 


25.65 


80 


75. 87 


25. 38 


75.64 


26. 06 


75.41 


26.70 


76. 18 


27. 36 


85 


80. 61 


26.97 


80. 37 


27.67 


80. 12 


28.37 


79. 87 


29. 07 


90 


85. 35 


28.56 


85. 10 


29. 30 


84. 84 


30.04 


84.57 


30.78 


95 


90. 09 


30. 14 


89.82 


30. 93 
32.56 


89. 56 


31.71 


89. 27 


32.49 


100 


94. 83 


31.73 


94.55 


94.26 


33.38 


93.97 


34.20 


Dep. 


Lat 


Dep. 


Lat 


Dep. Lat. 


Dep. 


Lai 


ii}4 


Beg. 


71 ] 


[>eg. 


70H Dcg. 


70Deg. 1 
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81 


• 


aoj^De*. 


21Deg. 


an Deg. 


22 Deg. 1 


LbX. 


Bept 


Lat 


Dq>. 


Lat 


Dep. 


Lat 


Dep. 


1 


0.94 


0. 35 


0.93 


0.36 


0. 93 


0.37 


0. 93 


0.37 


a 


1.87 


0. 70 


1.87 


0.72 


1. 86 


0.73 


1. 85 


0.75 


3 


2.81 


1. 05 


2. 80 


1. 08 


2.79 


1. 10 


2. 78 


1. 12 


4 


3.75 


1. 40 


3.73 


1. 43 


3. 72 


1.47 


3. 71 


1.50 


5 


4.68 


1.75 


4. 67 


1.79 


4. 65 


1. 83 


4. 64 


1.87 


6 


5. 62 


2. 10 


5.60 


2. 15 


5. 58 


2.20 


5. 56 


2.25 


7 


6.56 


2. 45 


6.54 


2.51 


6.51 


2.57 


6. 49 


2.62 


8 


7.49 


2. 80 


7.47 


2. 87 


7. 44 


2. 93 


7. 42 


3. 00 


9 


8.43 


3. 15 


8. 40 


3. 23 


8. 37 


3. 30 


8. 34 


3. 37 


10 


9.37 


3.50 


9. 34 


3. 58 


9. 30 


3. 67 


9 27 


3.76 


11 


10.30 


3. 85 


10.27 


3. 94 


10. 23 


4.03 


10. 20 


4. 12 


12 


11.24 


4. 20 


11. 20 


4. 30 


11. 17 


4. 40 


11. 13 


4.50 


13 


12. 18 


4. 55 


12. 14 


4. 66 


12. 10 


4. 76 


12. 06 


4. 87 


14 


13. 11 


4. 90 


13. 07 


5. 02 


13. 03 


5. 13 


12. 98 


5. 24 


15 


14.05 


5. 25 


14. 00 


5. 38 


13. 96 


5.50 


13. 91 


5.62 


16 


14.99 


5.60 


14.94 


5.73 


14. 89 


5.86 


14. 83 


5.99 


17 


15.92 


5. 95 


15.87 


6. 09 


15. 82 


6. 23 


15. 76 


6. 37 


18 


16.86 


6. 30 


16. 80 


6. 45 


16. 75 


6. 60 


16. 69 


6.74 


19 


17.80 


6.65 


17.74 


6. 81 


17. 68 


6. 96 


17. 62 


7. 12 


ao 


18.73 


7. 00 


18. 67 


7. 17 


18. 61 


7. 33 


18. 54 


7.49 


21 


19. 67 


7. 35 


19.61 


7.53 


19.54 


7. 70 


19. 47 


7.87 


22 


20.61 


7.70 


20.54 


7.88 


20.47 


8. 06 


20. 40 


8.24 


23 


21. 54 


8. 05 


21. 47 


8. 24 


21. 40 


8. 43 


21. 33 


8.62 


24 


22.48 


8. 40 


22. 41 


8. 60 


22. 33 


8. 80 


22. 25 


8. 99 


26 


23. 42 


8. 76 


23. 34 


8. 96 


23. 26 


9. 16 


23. 18 


9. 37 


26 


24. 35 


9. 11 


24. 27 


9. 32 


24- 19 


9. 53 


24. 11 


9.74 


27 


25. 29 


9. 46 


25. 21 


9. 68 


25- 12 


9. 90 


25. 03 


10. 11 


28 


26.23 


9. 81 


26. 14 


10. 08 


26. 05 


10.26 


25. 96 


10. 49 


29 


27. 16 


10. 16 


27.07 


10. 39 


26-98 


10. 63 


26. 89 


10. 86 


30 


28. 10 


10.51 


28. 01 


10. 75 


27.91 


11. 00 


27.82 


11.24 


35 


32.78 


12.26 


32. 68 


12.54 


32. 56 


12. 83 


32. 45 


13. 11 


40 


37. 47 


14.01 


37. 34 


14. 33 


37.22 


14. 66 


37. 09 


14. 98 


45 


42. 15 


15.76 


42. 01 


16. 13 


41.87 


16. 49 


41. 72 


16. 86 


50 


46. 83 


17.51 


46. 68 


17. 92 


46.52 


18. 33 


46. 36 


18. 73 


55 


51.52 


19. 26 


51. 35 


19.71 


51. 17 


20. 16 


51. 00 


20. 60 


60 


56. 20 


21. 01 


56. 01 


21. 50 


56. 83 


21. 99 


55. 63 


22. 48 


65 


60.88 


22.76 


60. 6a 


23. 29 


60. 48 


23. 82 


60. 27 


24. 35 


70 


65.57 


24.51 


65. 35 


25. 09 


65. 13 


25. 66 


64. 90 


26.22 


76 


70.26 


26.27 


70. 02 


26. 88 


69.78 


27. 49 


69. 54 


28. 10 


80 


74. 93 


28. 02 


74. 69 


28.67 


74. 43 


29. 32 


74. 17 


29. 97 


85 


79.62 


29.77 


79. 35 


30. 46 


79. 09 


31. 15 


78. 81 


31. 84 


90 


84. 30 


31.62 


84. 02 


82. 1)5 


88. 74 


32. 99 


83. 45 


33.71 


95 


98.98 


33.27 


88. 69 


34. 04 


88. 39 


34. 82 


88. 08 


35.59 


100 


93.67 


35.02 


93. 36 


35. 84 


93. 04 


36. 65 


92. 72 


37.46 

Lat 


Dep. 


Lat 


Dep. 


Lat 


Dep. 


Lat 


Dup. 


e&^ 


Deg. 


69 Deg. 


68K 


Deg. 


68 Deg. 1 
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TRAVERSE TABLE. 




1 


««Deg. 


SSDeg. 


28JiDeg. 


i4Deg. 1 


Lat. 


Dep. 


L«t 


Dep. 


Lai. 


Dep. 


Lat. 


Dep. 


0.90 


0.38 


0.92 


0. 39 


0.92 


0.40 


0. 91 


0.41 


2 


1. 86 


0.77 


1.84 


0. 78 


1. 83 


0.80 


1. 83 


0. 81 


3 


2.77 


1. 16 


2.76 


1. 17 


2.75 


1.20 


2.74 


1.22 


4 


3.70 


1.63 


3. 68 


1.66 


3. 67 


1.59 


3.66 


1.63 


6 


4. 62 


1.91 


4.60 


1.96 


4.69 


1.99 


4.57 


2.03 


6 


6.64 


2. 30 


6. 62 


2. 34 


6.60 


2.39 


6.48 


2. 44 


7 


6.47 


2.68 


6. 44 


2.74 


6. 42 


2.79 


6. 39 


2.85 


8 


7.39 


3. 06 


7.36 


3. 13 


7. 34 


3.19 


7. 31 


3.26 


9 


8. 31 


3.44 


8.28 


3.62 


8.26 


3.59 


8.22 


3. 66 


10 


9.24 


3. 83 


9. 20 


3. 91 


9. 17 


3.99 


9 14 


4.07 


11 


10. 16 


4.21 


10. 13 


4. 30 


10. 09 


4.39 


10. 05 


4. 47 


12 


11. 09 


4.69 


11.06 


4.69 


11. 00 


4.78 


10. 96 


4.88 


13 


12.01 


4.97 


11.97 


6.08 


11.92 


5.18 


11.88 


6.29 


14 


12.93 


6. 36 


12.89 


6.47 


12.84 


5.58 


12. 79 


6.69 


16 


13. 86 


6.74 


13. 81 


6. 86 


13.76 


5.98 


13. 70 


6. 10 


16 


14.78 


6. 12 


14.73 


6.26 


14.67 


6.38 


14. 62 


6.61 


17 


16.71 


6.61 


16.66 


6.64 


16. 59 


6.78 


15.53 


6. 92 


18 


16. 63 


6. 89 


16.67 


7. 03 


16.61 


7.18 


16.44 


7. 32 


19 


17.66 


7.27 


17.49 


7.42 


17.42 


7.58 


17. 36 


7.73 


20 


18. 48 


7.66 


18.41 


7.81 


18. 34 


7.97 


18.27 


8. 13 


21 


19.40 


8. 04 


19. 33 


8. 21 


19. 26 


8.37 


19. 18 


8.54 


22 


20. 33 


8. 42 


20. 26 


8. 60 


20. 18 


8.77 


20. 10 


8.95 


23 


21.26 


8. 80 


21. 17 


8.99 


21. 09 


9.17 


21.01 


9. 35 


24 


22. 17 


9. 18 


22. 09 


9. 38 


22. 01 


9.67 


21. 93 


9.76 


26 


23. 10 


9.67 


23. 01 


9.77 


22. 93 


9.97 


22.84 


10. 17 


26 


24.02 


9.96 


23.93 


10. 16 


23. 84 


10.37 


23.75 


10.58 


27 


24.94 


10. 33 


24. 86 


10.66 


24.76 


10.77 


24.67 


10. 98 


i2d 


26.87 


10.72 


26.77 


10. 94 


26. 68 


11.16 


25.58 


11. 39 


29 


26.79 


11. 10 


26.69 


11.33 


26.69 


11.56 


26.49 


11. 80 


30 


27.72 


11.48 


27.62 


11.62 


27.61 


11.96 


27.41 


12.20 


36 


32.34 


13. 39 


32. 22 


13.68 


32. 10 


13.96 


31.97 


14.24 


40 


36.96 


16. 31 


36. 82 


16. 63 


36. 68 


15.95 


36. 54 


16.27 


46 


41.67 


17.22 


41. 42 


17. 68 


41.27 


17.94 


41. 11 


18. 30 


60 


46. 19 


19. 13 


46. 03 


19.64 


46. 85 


19.94 


46.68 


20. 34 


66 


60.81 


21.06 


60.63 


21. 49 


60. 44 


21.93 


50.24 


22. 37 


60 


66.43 


22.96 


66.23 


23.44 


66.02 


23.92 


54.81 


24. 40 


66 


60. 06 


24.87 


69. 83 


26.40 


59.61 


25. 92 


59. 38 


26. 44 


70 


64.67 


26.79 


64. 44 


27. 35 


64. 19 


27.91 


63. 95 


28. 47 


76 


69.29 


28.70 


69.04 


29. 30 


68.78 


29.91 


68. 52 


30.51 


80 


73.91 


30. 61 


73.64 


31.26 


73. 36 


31.90 


73. 08 


32. 54 


86 


78.63 


32.63 


78.24 


33.21 


77.95 


33.89 


77.65 


34. 57 


90 


83. 16 


34.44 


82.86 


36. 17 


82. 54 


36.89 


82. 22 


36. 61 


96 


87.77 


36. 36 


87.46 


37. 12 


87. 12 


37.88 


86. 79 


38.64 


100 
1 _J| 


92.39 


38.27 


92.06 


39. 07 


91.71 


39.87 


91. 36 


40.67 


Dep. 


Lat 


Dep. 


Lat 


Dep. 


Lat. 


Dep. 


Lat 


«7M 


Deg. 


OT] 


[)eg. 


66M 


Deg. 


66! 


Deg. 
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.1 

8 


24MP08. 


25 Beg. 


26>^Deg. 


26 Deg. 1 


Lat 


Dep. 


Lat 


Dep. 


Lat 


D^. 


Lat. 


Dep. 


1 


0.91 


0. 41 


0.91 


0.42 


0. 90 


0. 43 


0. 


90 


0.44 


2 


1. 82 


0. 83 


1. 81 


0.86 


1.81 


0. 86 


1. 


80 


0.88 


3 


2.73 


1.24 


2.72 


1.27 


2.71 


1. 29 


2. 


70 


1. 32 


4 


3. 64 


1. 66 


3. 63 


1.69 


3. 61 


1.72 


3. 


60 


1.75 


6 


4.55 


2. 07 


4.63 


2. 11 


4.51 


2. 15 


4. 


49 


2. 19 


6 


5.46 


2. 49 


5.44 


2.54 


5.42 


2. 58 


5. 


39 


2. 63 


7 


6. 37 


2. 90 


6. 34 


2.96 


6. 32 


3. 01 


6. 


29 


3. 07 


8 


7.28 


3. 32 


7. 26 


3. 38 


7.22 


3. 44 


7. 


19 


3.51 


9 


8. 19 


3. 73 


8. 16 


3.80 


8. 12 


3. 87 


8. 


09 


3. 96 


10 


9. 10 


4. 16 


9. 06 


4.23 


9. 03 


4. 31 


8. 


99 


4. 38 


11 


10. 01 


4. 66 


9.97 


4. 65 


9. 93 


4.74 


9. 


89 


4. 82 


12 


10. 92 


4. 98 


10. 88 


5. 07 


10. 83 


5. 17 


10. 


79 


5.26 


13 


11. 83 


5. 39 


11. 78 


5.49 


11. 73 


5. 60 


11. 


68 


5.70 


14 


12. 74 


5. 81 


12. 69 


5. 92 


12. 64 


6. 03 


12. 


58 


6. 14 


15 


13. 65 


6. 22 


13. 59 


6. 34 


13. 64 


6. 46 


13. 


48 


6.58 


16 


14.66 


6. 64 


14. 60 


6. 76 


14. 44 


6. 89 


14. 


38 


7. 01 


17 


15. 47 


7. 06 


16. 41 


7. 18 


16. 34 


7. 32 


16. 


28 


7.45 


18 


16. 38 


7. 46 


16. 31 


7. 61 


16.26 


7. 75 


16. 


18 


7.89 


19 


17. 19 


7. 88 


17. 22 


8. 03 


17. 16 


8. 18 


17. 


08 


8. 33 


20 


18. 20 


8. 29 


18. 13 


8. 46 


18. 06 


8- 61 


17. 


98 


8.77 


21 


19. 11 


8.71 


19. 03 


8. 87 


18. 96 


9. 04 


18. 


87 


9. 21 


22 


20. 02 


9. 12 


19. 94 


9. 30 


19. 86 


9.47 


19. 


77 


9.64 


23 


20. 93 


9.64 


20. 86 


9. 72 


20. 76 


9. 90 


20. 


67 


10.08 


24 


21. 84 


9. 96 


21.76 


lO. 14 


21. 66 


10. 33 


21. 


57 


10.62 


2d 


22. 76 


10. 37 


22. 66 


lO. 67 


22. 66 


10.76 


22. 


47 


10. 96 


26 


23. 66 


10 78 


23. 66 


10. 99 


23.47 


11. 19 


23. 


37 


11.40 


27 


24. 57 


11. 20 


24. 47 


U. 41 


24. 37 


11. 62 


24. 


27 


11.84 


28 


25. 48 


11. 61 


26. 38 


U. 83 


25.27 


12. 05 


26. 


17 


12. 27 


29 


26. 39 


12. 03 


26.28 


12.26 


26. 17 


12. 48 


26. 


06 


12. 71 


30 


27. 30 


12. 44 


27. 19 


12. 68 


27. 08 


12. 92 


26. 


96 


13. 16 


36 


31. 85 


14. 61 


31. 72 


14. 79 


31. 69 


16. 07 


31. 


46 


15. 34 


40 


36. 40 


16. 69 


36. 26 


16. 90 


36. 10 


17. 22 


36. 


96 


17.63 


45 


40. 96 


18. 66 


40. 78 


19. 02 


40. 62 


19. 37 


40. 


46 


19.73 


50 


46. 50 


20. 73 


46. 32 


21. 13 


45. 13 


21. 53 


44. 


94 


21. 92 


55 


50. 05 


22. 81 


49. 85 


23. 24 


49. 64 


23. 68 


49. 


43 


24. 11 


60 


54.60 


24. 88 


64. 38 


25. 36 


54. 16 


26. 83 


53. 


93 


26. 30 


65 


69. 16 


26. 96 


68. 91 


27 47 


58. 67 


27.98 


58. 


42 


28. 49 


70 


63. 70 


29. 03 


63. 44 


29. 58 


63. 18 


30. 14 


62. 


92 


30. 69 


75 


68. 26 


31. 10 


67.97 


31.70 


67. 69 


32. 29 


67. 


41 


32. 88 


80 


72. 80 


33. 18 


72. 60 


33. 81 


72. 21 


34.44 


71. 


90 


36. 07 


85 


77. 36 


36. 26 


77. 04 


36. 92 


76. 72 


36. 69 


76. 


40 


37. 26 


90 


81. 90 


37. 32 


81. 67 


38. 04 


81. 23 


38. 76 


80. 


89 


39.45 


95 


86.46 


39. 40 


86. 10 


40. 16 


85. 75 


40. 90 


85. 


39 


41. 65 


100 


91. 00 


41. 47 


90. 63 


42. 26 


90. 26 


43. 05 


89. 


88 


43. 84 


Dep. 


Lftt 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


Lat. 


66^ 


Deg. 


661 


^g. 


64J^ 


Deg. 


64 Deg. 11 


1 
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1 


»H i>^- 1 


87 Deg. 1 27H 1><S- | 28 I>eff. 1 


IsL Dep. II 


Lrt. 


Dsp. 1 Lat. 


Dep. lat 


Dep. 


0.89 


0.45 


0. 89 


0. 45 1 0. 89 


0. 46 0. 88 


0.47 


2 


1.79 


0.89 


1.78 


0. 91 


1. 77 


0. 92 1. 77 


0.94 


3 


2.68 


1. 34 


2.67 


1. 36 


2.66 


1. 39 2. 65 


1. 41 


4 


3.58 


1.78 


3.56 


1. 82 


3. 55 


1.85 


3. 53 


1. 88 


6 


4.57 


2. 23 


4. 45 


2.27 


4. 44 


2.31 


4. 41 


2. 35 


6 


6.37 


2.68 


5. 35 


2.72 


5. 32 


2.77 


5. 30 


2.82 


7 


6.26 


3. 12 


6. 24 


3. 18 


6. 21 


3.23 


6. 18 


3.29 


8 


7. 16 


3. 47 


7. 13 


3.63 


7. 10 


3.69 


7.06 


3.76 


9 


8. 05 


4.02 


8.02 


4. 09 


7.98 


4. 16 


7.95 


4.23 


10 


8.95 


4. 46 


8.91 


4.54 


8. 87 


4.62 


8.83 


4.69 


11 


9.84 


4. 91 


9. 80 


4.99 


9. 76 


5.08 


9 71 


5. 16 


12 


10.74 


5. 35 


10. 69 


5.45 


10. 64 


5.54 


10. 60 


5.63 


13 


11. 63 


5. 80 


11.58 


5.90 


11. 53 


6.00 


11.48 


6. 10 


14 


12.53 


6.25 


12. 47 


6. 36 


12. 42 


6.49 


12. 36 


6.57 


15 


13. 42 


6.69 


13. 37 


6.81 


13. 31 


6.93 


13.24 


7. 04 


16 


14. 32 


7. 14 


14. 26 


7.26 


14- 19 


7.39 


14. 13 


7. 51 


17 


15.21 


7.59 


15. 15 


7. 72 


15. 08 


7.85 


15.01 


7.98 


18 


16. 11 


8. 03 


16. 04 


8. 17 


15. 97 


8.31 


15.89 


8.45 


19 


17. 00 


8.48 


16. 93 


8. 63 


16- 85 


8.77 


16.78 


8. 92 


20 


17. 90 


8.92 


17. 82 


9. 08 


17. 74 


9.23 


17. 66 


9. 39 


21 


18.79 


9. 37 


18. 71 


9.53 


18. 63 


9.70 


18. 54 


9.86 


22 


19. 69 


9. 82 


19. 60 


9.99 


19. 51 


10. 16 


19. 42 


10. 33 


23 


20. 58 


10.26 


20. 49 


10. 44 


20. 40 


10.62 


20. 31 


10. 80 


24 


21. 48 


10. 71 


21. 38 


10. 90 


21. 29 


11.08 


21. 19 


11. 27 


25 


22. 37 


11. 15 


22. 28 


11. 35 


22. 18 


11.54 


22. 07 


11. 74 


26 


23.27 


11. 60 


23. 17 


11. 80 


23. 06 


12.01 


22. 96 


12. 21 


27 


24. 16 


12.05 


24. 06 


12. 26 


23- 95 


12.47 


23. 84 


12. 68 


28 


25. 06 


12. 49 


24. 95 


12. 71 


24. 84 


12.93 


24. 72 


13. 15 


29 


25.95 


12. 94 


25. 84 


13. 17 


25.72 


13.39 


25. 61 


13. 61 


30 


26.85 


13. 39 


26.73 


13. 62 


26. 61 


13.85 


26.49 


14. 08 


35 


31. 32 


15.62 


31. 19 


15. 89 


31. 05 


16. 16 


30. 90 


16. 43 


40 


35. 80 


17. 85 


35. 64 


18. 16 


35. 48 


18.47 


35. 32 


18.78 


45 


40. 27 


20. 08 


40. 10 


20. 43 


39. 92 


20.78 


39. 73 


21. 13 


50 


44. 75 


22. 31 


44. 55 


22. 70 


44. 35 


23.09 


44. 15 


23. 47 


55 


49. 22 


24. 54 


49. 01 


24. 97 


48.79 


25.40 


48. 56 


25. 82 


60 


53.70 


26.77 


53. 46 


27.24 


53. 22 


27.70 


52. 98 


28. 17 


65 


58. 17 


29. 00 


57. 92 


29. 51 


57. 66 


30.01 


57. 39 


30. 52 


70 


62. 65 


31.23 


62. 37 


31.78 


62. 09 


32.32 


61. 81 


32. 86 


75 


67. 12 


33. 46 


66. 83 


34. 05 


66. 53 


34.63 


66, 22 


35. 21 


80 


71. 59 


35.70 


71.28 


36. 32 


70. 96 


36.94 


70. 64 


37. 56 


85 


76. 07 


37. 93 


75.74 


38. 59 


75. 40 


39.25 


75. 05 


39. 91 


90 


80. 54 


40. 16 


80. 19 


40. 86 


79. 83 


41.56 


79. 47 


42. 25 


95 


85. 02 


42. 39 


84. 65 


43. 13 


84.27 


43.87 


83. 88 


44. 60 


100 


89.49 


44. 62 


89. 10 


45. 40 


88. 90 


46.17 


88. 29 


46. 95 


Bep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


Lat 


63H Dejf. 


63 ] 


I>eg. 


621^ 


Deg. 


62 


Deg. 


1 , _| 
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f 


asHDee. 


89 Beg. 


»>iDeg. 


SODeg. 1 


Lat. 


Bep. 


lat 


]>ep. 


lat 


D^. 


Lat 


Dep. 


1 


0.88 


0.48 


0. 


87 


0.48 


0.87 


0.49 


0. 


87 


0. 50 


2 


1.76 


0.95 


1. 


75 


0.97 


1.74 


0. 98 


1. 


73 


1. 00 


3 


2.64 


1.43 


2. 


62 


1.46 


2.61 


1.48 


2. 


60 


1.50 


4 


3.52 


1.91 


8. 


50 


1.94 


3. 48 


1.97 


3. 


46 


2.00 


6 


4. 39 


2. 39 


4. 


37 


2.42 


4. 36 


2. 46 


4. 


33 


2.50 


6 


5.27 


2.86 


5. 


26 


2.91 


5.22 


2.95 


5. 


20 


3. 00 


7 


6. 16 


3.34 


6. 


12 


3.39 


6. 09 


3.45 


6. 


06 


3.50 


8 


7. 03 


3. 82 


7. 


00 


3.88 


6.96 


3. 94 


6. 


93 


4. 00 


9 


7.91 


4.29 


7. 


87 


4. 36 


7.83 


4.43 


7. 


79 


4.50 


10 


8.79 


4.77 


8. 


75 


4.85 


8.70 


4. 92 


8. 


66 


5. 00 


11 


9. 67 


5.25 


9. 


62 


5. 33 


9.57 


5. 42 


9. 


63 


5. 60 


12 


10.55 


5.73 


10. 


50 


5.82 


10. 44 


5. 91 


10. 


39 


6. 00 


13 


11. 42 


6.20 


11. 


37 


6.30 


11. 31 


6. 40 


11. 


26 


6.50 


14 


12. 30 


6. 68 


12. 


24 


6.79 


12. 18 


6. 89 


12. 


12 


7. 00 


16 


13. 18 


7. 16 


13. 


12 


7.27 


13.06 


7. 39 


12. 


99 


7.50 


16 


14. 06 


7.63 


13. 


99 


7.76 


13. 93 


7.88 


13. 


86 


8. 00 


17 


14.94 


8. 11 


14. 


87 


8. 24 


14.80 


8. 37 


14. 


72 


8.50 


18 


15.82 


8. 59 


15. 


74 


8. 73 


15.67 


8. 86 


15. 


69 


9. 00 


19 


16.70 


9.07 


16. 


62 


9.21 
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0.78 


0. 62 


0.78 


0.63 


0. 77 


0. 64 


0.77 


0.64 


a 


1.57 


1.34 


1.66 


1.26 


1.64 


1.27 


1.63 


1.29 


3 


2.36 
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10. 51 


10. 61 


10.61 








16 


11. 41 


11.21 


11. 31 


11. 31 








17 


12. 13 


11. 92 


12. 02 


12. 02 








18 


12. 84 


12. 62 


12. 73 


12. 73 








19 


13. 55 


13. 32 


13. 43 


13. 43 








20 


14. 26 


14. 02 


14. 14 


14. 14 








21 


14. 98 


14.72 


14.85 


14.85 








22 


15.69 


15. 42 


15.56 


15.56 








23 


16.40 


16. 12 


16. 26 


16.26 








24 


17. 12 


16. 82 


16.97 


16. 97 








25 


17.83 


17.52 


17. 68 


17.68 








26 


18.54 


18.22 


18. 38 


18. 38 








27 


19.26 


18. 92 


19. 09 


19. 09 








28 


19.97 


19. 63 


19. 80 


19. 80 








29 


20.68 


20. 33 


20.51 


20.51 








30 


21.40 


21.03 


21.21 


21.21 








35 


24.96 


24.53 


24.75 


24.75 








40 


28. 53 


28. 04 


28. 28 


28. 28 








45 


32. 10 


31. 54 


31.82 


31. 82 








50 


35.66 


35.05 


35. 36 


35. 36 








55 


39. 23 


38. 55 


38. 89 


38. 89 








60 


42.79 


42.05 


42. 43 


42.43 








65 


46. 36 


45.56 


45. 96 


45.96 




• 




70 


49. 93 


49.06 


49.50 


49.50 








75 


53. 49 


52.57 


53.03 


53. 03 








80 


57.06 


56. 07 


56.57 


56.57 








85 


60. 63 


59.58 


60. 10 


60. 10 








90 


64. 19 


63. 08 


63. 64 


63. 64 








95 


67.76 


66.59 


67. 18 


67. 18 








100 


71. 33 


70.09 


70.71 


70.71 




Dep. 


Lat 


Dep. 


Lat 


46J^Deg. 


46Deg. 




^ — J| 
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Meridianal Parts. 


TABIiR IV. 1 


r 


0° 


1 


2°, 3^ 


40 


6° 


6P 


70 


8° 


90 


la^ 


11° 


12° 


li° 


14° 


15° 








60 


120 


180 


240 


30a 


361 


421 


482 


642 


603 


664 


725 


111 


848 


910 


1 


1 


61 


121 


181 


241 


301 


362 


422 


483 


643 


604 


665 


726 


7^8 


860 


911 


2 


2 


62 


122 


182 


242 


302 


363 


423 


484 


644 


605 


666 


727 


7^9 


861 


913 


3 


3 


63 


123 


183 


243 


303 


364 


424 


485 


646 


606 


667 


728 


710 


852 


914 


4 


4 


64 


124 


184 


244 


304 


365 


426 


486 


646 


607 


668 


729 


711 


863 


916 


6 


6 


66 


125 


186 


246 


305 


366 


426 


487 


547 


608 


669 


730 


712 


864 


916 


6 


6 


66 


126 


186 


246 


303 


367 


427 


488 


648 


609 


670 


731 


713 


866 


917 


7 


7 


67 


127 


187 


247 


307 


368 


428 


489 


649 


610 


671 


732 


714 


866 


918 


8 


8 


68 


128 


188 


248 


308 


369 


429 


490 


660 


611 


672 


734 


716 


867 


919 


9 


9 


69 


129 


189 


249 


309 


370 


430 


491 


661 


612 


673 


736 


716 


858 


920 


10 


10 


70 


130 


190 


250 


310 


371 


431 


492 


662 


613 


674 


736 


717 


869 


921 


11 


11 


71 


131 


191 


261 


311 


372 


432 


493 


663 


614 


675 


737 


718 


860 


922 


12 


12 


72 


132 


192 


262 


312 


373 


433 


494 


664 


616 


676 


738 


719 


861 


923 


13 


13 


73 


133 


193 


263 


313 


374 


434 


496 


666 


616 


677 


739 


8(0 


862 


924 


14 


14 


74 


134 


194 


264 


314 


375 


435 


496 


666 


617 


678 


740 


8(1 


863 


926 


16 


16 


76 


136 


195 


266 


315 


376 


436 


497 


657 


618 


679 


741 


8(2 


864 


926 


16 


16 


76 


136 


196 


266 


316 


377 


437 


468 


668 


619 


680 


742 


803 


865 


927 


17 


17 


77 


137 


197 


267 


317 


378 


438 


499 


669 


620 


681 


743 


8(4 


366 


928 


18 


18 


78 


138 


198 


258 


318 


379 


439 


600 


660 


621 


682 


744 


8(6 


867 


929 


19 


19 


79 


139 


199 


259 


319 


380 


440 


601 


661 


622 


683 


746 


8(6 


868 


930 


30 


20 


80 


140 


200 


260 


320 


381 


441 


602 


562 


623 


684 


746 


8(7 


869 


931 


21 


21 


81 


141 


201 


261 


321 


382 


442 


603 


664 


624 


685 


747 


8(8 


870 


932 


22 


22 


82 


142 


202 


262 


322 


383 


443 


604 


665 


626 


687 


748 


8(9 


871 


933 


23 


23 


83 


143 


203 


263 


323 


384 


444 


505 


566 


626 


688 


749 


80 


872 


934 


24 


24 


84 


144 


204 


264 


824 


385 


445 


606 


667 


627 


689 


750 


8:1 


873 


936 


26 


26 


85 


145 


205 


265 


325 


386 


446 


607 


.668 


628 


690 


751 


8:2 


874 


936 


26 


26 


86 


146 


206 


266 


326 


387 


447 


608 


669 


629 


691 


752 


3:3 


875 


937 


27 


27 


87 


147 


207 


267 


327 


388 


448 


609 


570 


631 


692 


753 


8:5 


876 


938 


28 


28 


88 


148 


208 


268 


328 


389 


449 


610 


671 


632 


693 


754 


816 


877 


939 


29 


29 


8i) 


149 


209 


269 


330 


390 


450 


611 


672 


633 


694 


765 


817 


878 


941 


30 


30 


90 


150 


210 


270 


331 


391 


451 


612 


673 


634 


695 


766 


818 


879 


942 


31 


31 


91 


151 


211 


271 


332 


392 


462 


513 


674 


665 


696 


767 


819 


880 


943 


32 


32 


92 


162 


212 


272 


333 


393 


463 


514 


675 


636 


697 


768 


85 


882 


944 


33 


33 


93 


163 


213 


273 


334 


394 


464 


516 


676 


637 


698 


759 


8n 


883 


946 


34 


34 


94 


164 


214 


274 


335 


395 


456 


616 


677 


638 


699 


760 


85 2 


884 


946 


36 


36 


96 


165 


216 


275 


336 


396 


456 


617 


678 


639 


700 


761 


85 3 


885 


947 


36 


36 


96 


156 


216 


276 


337 


397 


457 


518 


579 


640 


701 


762 


85 4 


886 


948 


37 


37 


97 


157 


217 


277 


338 


398 


458 


619 


680 


941 


702 


763 


85 6 


887 


949 


38 


38 


98 


168 


218 


278 


339 


399 


469 


620 


581 


642 


703 


764 


85 6 


888 


950 


39 


39 


99 


169 


219 


279 


340 


400 


460 


521 


582 


643 


704 


765 


85 7 


889 


961 


40 


40 


100 


160 


220 


280 


341 


401 


461 


522 


683 


644 


706 


766 


85 8 


890 


962 


41 


41 


101 


161 


221 


281 


342 


402 


462 


523 


584 


645 


706 


767 


85 9 


891 


963 


42 


42 


102 


162 


jJ2'2 


282 


343 


403 


463 


524 


585 


646 


707 


768 


8^0 


892 


954 


43 


43 


103 


163 


223 


283 


344 


404 


464 


525 


686 


647 


708 


769 


8a 


893 


956 


44 


44 


104 


164 


224 


284 


345 


405 


465 


526 


687 


648 


709 


770 


8J2 


894 


966 


46 


46 


105 


165 


225 


285 


346 


406 


466 


527 


688 


649 


710 


771 


85 3 


895 


967 


46 


46 


106 


166 


226 


286 


347 


407 


467 


628 


689 


650 


711 


772 


8J4 


896 


958 


47 


47 


107 


167 


227 


287 


348 


408 


468 


629 


690 


651 


712 


773 


8J5 


897 


959 


48 


48 


108 


168 


223 


288 


349 


409 


469 


530 


691 


652 


713 


774 


8(6 


898 


960 


49 


49 


109 


169 


229 


289 


350 


410 


470 


631 


592 


663 


714 


775 


8; 7 


899 


961 


60 


60 


110 


170 


230 


290 


351 


411 


471 


532 


593 


654 


715 


777 


85 8 


900 


962 


61 


61 


111 


171 


231 


291 


352 


412 


472 


533 


594 


655 


716 


778 


85 9 


901 


963 


62 


62 


112 


172 


232 


292 


353 


413 


473 


634 


595 


656 


717 


779 


8:0 


902 


964 


63 


63 


113 


173 


233 


293 


354 


414 


474 


635 


596 


657 


718 


780 


8:1 


903 


966 


64 


64 


114 


174 


234 


294 


355 


415 


476 


636 


697 


668 


719 


781 


8-2 


904 


966 


65 


65 


115 


175 


235 


295 


366 


416 


477 


637 


698 


659 


720 


782 


8^5 


905 


968 


66 


66 


116 


176 


236 


296 


357 


417 


478 


638 


699 


660 


721 


783 


8' 4 


606 


969 


67 


67 


117 


177 


237 


297 


368 


418 


479 


639 


600 


661 


722 


784 


8' 5 


907 


970 


68 


58 


118 


178 


238 


298 


359 


419 


480 


640 


601 


662 


723 


785 


8^6 


908 971 


69 


69 


119 


179 


239 


299 


360 


420 


481 


641 


602 


663 


724 


786' 8^ 7 


909 972 











TABLE IV. 


Meridianal Parte. 95 




/ 


idP 


17° 


18° 


1»° 


20° 


21° 


22° 


23° 


24° 


26° 


26° 


27° 


28° 







973 


1035 


1098 


1161 


1225 


1289 


1354 


1419 


1484 


1550 


1616 


i684 


1761 




1 


974 


1036 


1099 


1163 


1226 


1290 


1355 


1420 


1485 


1551 


1618 


1685 


1752 




3 


975 


1037 


1100 


1164 


1227 


1291 


1356 


1421 


1486 


1552 


1619 


1686 


1763 




8 


976 


1038 


1101 


1165 


1228 


1292 


1357 


1422 


1487 


1553 


1620 


1687 


1766 




4 


977 


1039 


1102 


1166 


1229 


1293 


1358 


1423 


1488 


1554 


1621 


1688 


1766 




6 


978 


1041 


1103 


1167 


1230 


1295 


1359 


1424 


1490 


1556 


1622 


1689 


1757 




6 


979 


1042 


1105 


1168 


1232 


1296 


1360 


1425 


1491 


1557 


1623 


1690 


1758 




7 


980 


1043 


1106 


1169 


1233 


1297 


1361 


1426 


1492 


1558 


1624 


1692 


1759 




8 


981 


1044 


1107 


1170 


1234 


1298 


1362 


1427 


1493 


1659 


1625 


1693 


1760 




9 


982 


1046 


1108 


1171 


1235 


1299 


1363 


1428 


1494 


1660 


1626 


1694 


1761 




10 


983 


1046 


1109 


1172 


1236 


1300 


1364 


1430 


1495 


1561 


1628 


1695 


1762 




11 


984 


1047 


1110 


1173 


1237 


1301 


1366 


1431 


1496 


1562 


1629 


1696 


1764 




12 


985 


1048 


1111 


1174 


1238 


1302 


1367 


1432 


1497 


1563 


1630 


1697 


1765 




13 


986 


1049 


1112 


1175 


1239 


1303 


1368 


1433 


1498 


1564 


1631 


1698 


1766 




14 


987 


1050 


1113 


1176 


1240 


1304 


1369 


1434 


1499 


1665 


1632 


1699 


1767 




16 


988 


1051 


1114 


1177 


1241 


1305 


1370 


1435 


1500 


1567 


1633 


1700 


1768 




16 


989 


1052 


1115 


1178 


1242 


1306 


1371 


1436 


1502 


1568 


1634 


1701 


1769 




17 


990 


1053 


1116 


1179 


1243 


1307 


1372 


1437 


1503 


1569 


1635 


1703 


1770 




18 


991 


1054 


1117 


1181 


1244 


1308 


1373 


1438 


1504 


1570 


1637 


1704 


1772 




19 


993 


J055 


1118 


1182 


1245 


1310 


1374 


1439 


1505 


1571 


1638 


1705 


1773 




20 


994 


1056 


1119 


1183 


1246 


1311 


1375 


1440 


1506 


1572 


1639 


1706 


1774 




21 


995 


1057 


1120 


1184 


1248 


1312 


1376 


1441 


1507 


1573 


1640 


1707 


1775 




22 


996 


1058 


1121 


1185 


1249 


1313 


1377 


1443 


1508 


1574 


1641 


1708 


1776 




23 


997 


1059 


1122 


1186 


1250 


1314 


1379 


1444 


1509 


1575 


1642 


1709 


1777 




24 


998 


1060 


1123 


1187 


1251 


1315 


1380 


1445 


1510 


1577 


1643 


1711 


1778 




25 


999 


1161 


1125 


1188 


1252 


1316 


1381 


1446 


1511 


1578 


1644 


1712 


1780 




26 


1000 


1063 


1126 


1189 


1253 


1317 


1382 


1447 


1513 


1579 


1645 


1713 


1781 




27 


1001 


1064 


1127 


1190 


1254 


1318 


1383 


1448 


1514 


1580 


1647 


1714 


1782 




28 


1002 


1065 


1128 


1191 


1255 


1319 


1384 


1449 


1515 


1581 


1648 


1715 


1783 




29 


1003 


1066 


1129 


1192 


1256 


1320 


1385 


1460 


1516 


1582 


1649 


1716 


1784 




30 


1004 


1067 


1130 


1193 


1257 


1321 


1386 


1451 


1517 


1583 


1650 


1717 


1785 




31 


1005 


1068 


1131 


1194 


1258 


1322 


1387 


1452 


1518 


1584 


1651 


1718 


1786 




32 


1006 


1069 


1132 


1195 


1259 


1324 


1388 


1453 


1519 


1585 


1652 


1720 


1787 




33 


1007 


1070 


1133 


1196 


1260 


1325 


1389 


1455 


1520 


1586 


1663 


1721 


1789 




34 


1008 


1071 


1134 


1198 


1261 


1326 


1390 


1456 


1521 


1588 


1654 


1722 


1790 




35 


1009 


1072 


1135 


1199 


1262 


1327 


1392 


1457 


1522 


1589 


1656 


1723 


1791 




36 


1010 


1073 


1136 


1200 


1264 


1328 


1393 


1458 


1524 


1590 


1657 


1724 


1792 




37 


1011 


1074 


1137 


1201 


1265 


1329 


1394 


1459 


1525 


1591 


1658 


1725 


1793 




38 


1012 


1075 


1138 


1202 


1266 


1330 


1395 


1460 


1526 


1592 


1659 


1726 


1794 




39 


1013 


1076 


1139 


1203 


1267 


1331 


1396 


1461 


1527 


1693 


1660 


1727 


1795 




40 


1014 


1077 


1140 


1204 


1268 


1332 


1397 


1462 


1528 


1594 


1661 


1729 


1797 




41 


1015 


1078 


1141 


1205 


1269 


1333 


1398 


1463 


1529 


1596 


1662 


1730 


1798 




42 


1016 


1079 


1142 


1206 


1270 


1334 


1399 


1464 


1530 


1596 


1663 


1731 


1799 




43 


1018 


1080 


1144 


1207 


1271 


1335 


1400 


1465 


1531 


1598 


1664 


1732 


1800 




44 


1019 


1081 


1145 


1208 


1272 


133G 


1401 


1467 


1532 


1599 


1666 


1733 


1801 




45 


1020 


1082 


1146 


1209 


1273 


1338 


1402 


1468 


1533 


1600 


1667 


1734 


1802' 




46 


1021 


1084 


1147 


1210 


1274 


1839 


1403 


1469 


1535 


1601 


1668 


1736 


1803 




47 


1022 


1085 


1148 


1211 


1275 


1340 


1405 


1470 


1536 


1602 


1669 


1736 


1805 




48 


1023 


1086 


1149 


1212 


1276 


1341 


1406 


1471 


1 37 


1603 


1670 


1737 


1806 




49 


1024 


1087 


1150 


0213 


1277 


1342 


1407 


1472 


1538 


1604 


1671 


1739 


1807 




50 


1025 


1088 


1151 


1215 


1278 


1343 


1408 


1473 


1539 


1605 


1672 


1740 


1808 




61 


1026 


1089 


1152 


1216 


1280 


1344 


1409 


1474 


1540 


1606 


1673 


1741 


1809 




62 


1027 


1090 


1153 


1217 


1281 


1345 


1410 1475 


1541 


1608 


1675 


1742 


1810 




63 


1028 


1091 


1154 


1218 


1282 


134b 


1411 


1476 


1542 


1609 


1676 


1743 


1811 




54 


1029 


1092 


1155 


1219 


1283 


1347 


1412 


1477 


1543 


1610 


1677 


1744 


1813 




65 


1030 


1093 


1156 


1220 


1284 


1348 


1413 


1479 


1544 


1611 


1678 


1746 


1814 




66 


1031 


1094 


1157 


1221 


1285 


1349 


1414 


1480 


1546 


1612 


1679 


1747 


1815 




57 


1032 


1095 


1158 


1222 


1286 


1350 


1415 


1481 


1547 


1613 


1680 


1748 


1816 




68 


1033 


1096 


1159 


1223 


1287 


1352 


1416 


1482 


1548 


1614 


1681 


1749 


1817 




59 


1034 


1097 


1160 


1224 


1288 


1353 


1418 


1483 


1549 1615 


1682 


1760 


1818 









96 


Meridiana] Farts. LASajH lY. 1 


> 

"o 


29" 
1819 


30° 
1888 


i968 


32P 
2028 


2100 


34' 
2171 


36° 


36° 
2818 


'6V 
2393 


38° 
2468 


3iH 
2545 


40° 


41° 
2703 


2244 


2623 


1 


1821 


1890 


1959 


2030 


2101 


2178 


2246 


2819 


2394 


2470 


2546 


2624 


3708 


2 


1822 


1891 


1960 


2031 


2102 


2174 


2247 


2320 


2395 


2471 


2648 


2635 


3704 


8 


1828 


1892 


1962 


2032 


2103 


2175 


2248 


2322 


2396 


2472 


2549 


2637 


3706 


4 


1924 


1893 


1963 


2033 


2104 


2176 


2249 


2828 


2898 


2473 


2650 


3628 


3707 


6 


1825 


1894 


1964 


2034 


2106 


2178 


2260 


2824 


2399 


2475 


2661 


2629 


3708 


6 


1826 


1896 


1965 


2035 


2107 


2179 


2252 


2826 


2400 


2479 


2653 


2631 


3710 


7 


1827 


1896 


1966 


2037 


2108 


2180 


2253 


2327 


2401 


2477 


2654 


2682 


3711 


8 


1829 


1898 


1967 


2038 


2109 


2181 


2254 


2328 


2403 


2478 


2656 


2683 


3713 


9 


1830 


1899 


1969 


2039 


2110 


2182 


2255 


2329 


2404 


2480 


2657 


2634 


3714 


10 


1831 


1900 


1970 


2040 


2111 


2184 


2267 


2830 


2406 


2481 


2658 


2636 


2716 


11 


1832 


1901 


1971 


2041 


2113 


2185 


2268 


2332 


2406 


2482 


2569 


2687 


3716 


12 


1833 


1902 


1972 


2043 


2114 


2186 


2269 


2333 


2406 


2484 


2560 


2638 


2718 


18 


1834 


1903 


1973 


2044 


2116 


2187 


2260 


2334 


2409 


2485 


2562 


2640 


3719 


14 


1835 


1905 


1974 


2045 


2116 


2188 


2261 


2335 


2410 


2486 


2563 


2641 


2720 


16 


1837 


1906 


1976 


2046 


2117 


2190 


2263 


2387 


2411 


2487 


2564 


2643 


3732 


16 


1838 


1907 


1977 


2047 


2119 


2191 


2264 


2338 


2413 


2489 


2566 


2644 


2728 


17 


1839 


1908 


1978 


2048 


2120 


2192 


2265 


2839 


2414 


2490 


2667 


2645 


2724 


18 


1840 


1909 


1679 


2060 


2121 


2193 


2266 


2340 


2415 


2401 


2568 


2646 


2726 


19 


1841 


1910 


1980 


2051 


2122 


2194 


2268 


2342 


2416 


2492 


2669 


.2648 


2727 


20 


1842 


1912 


1981 


2052 


2123 


2196 


2269 


2348 


2418 


2494 


2671 


2649 


2728 


21 


1843 


1913 


1983 


2053 


2126 


2197 


2270 


2844 


2419 


2496 


2672 


2660 


2729 


22 


1846 


1914 


1984 


2064 


2126 


2198 


2271 


2345 


2420 


2496 


2673 


2561 


2731 


23 


1846 


1916 


1986 


2056 


2127 


2199 


2272 


2346 


2422 


2498 


2675 


2663 


2732 


24 


1847 


1916 


1986 


2057 


2128 


2200 


2274 


2348 


2423 


2499 


2676 


2654 


2733 


26 


1848 


1917 


1987 


2068 


2129 


2202 


2275 


2349 


2424 


2600 


257? 


2666 


2735 


29 


1849 


1918 


1988 


2069 


2131 


2203 


2266 


2360 


2426 


2601 


2578 


2667 


2736 


27 


1860 


1920 


1990 


2060 


2132 


2204 


2267 


2361 


2427 


2603 


2680 


2668 


2737 


28 


1862 


1921 


1991 


2061 


2133 


2205 


2279 


*2363 


2428 


2504 


2581 


2659 


2739 


29 


1863 


1922 


1992 


2063 


2134 


2207 


2280 


2354 


2429 


2605 


2682 


2661 


2740 


30 


1864 


1923 


1993 


2064 


2136 


2208 


2281 


2366 


2430 


2506 


2684 


2662 


2742 


31 


1866 


1924 


1994 


2065 


2137 


2209 


2232 


2356 


2432 


2508 


2685 


2663 


2743 


32 


1856 


1925 


1995 


2066 


2138 


2210 


2283 


2358 


2433 


2509 


2586 


2666 


2744 


83 


1857 


1927 


1997 


2067 


2139 


2211 


2286 


2359 


2434 


2610 


2688 


2666 


2746 


84 


1858 


1928 


1998 


2069 


2140 


2213 


2286 


2360 


2435 


2512 


2589 


2667 


2747 


86 


1360 


1929 


1999 


2070 


2141 


2214 


2287 


2361 


2437 


2513 


2590 


2669 


2748 


86 


1861 


1930 


2000 


2071 


2143 


2216 


2288 


2363 


2438 


2614 


2691 


2670 


2760 


87 


1892 


1931 


2001 


2072 


2144 


2216 


2290 


2364 


2489 


2615 


2693 


2671 


2751 


38 


1863 


1932 


2002 


2073 


2146 


2217 


2291 


2366 


2440 


2517 


2694 


2673 


2753 


89 


1864 


1934 


2004 


2075 


2146 


2219 


2292 


2366 


2442 


2618 


2695 


2674 


3754 


40 


1865 


1935 


2006 


2076 


2147 


2220 


2293 


2368 


2443 


2619 


2597 


2675 


3756 


41 


1866 


1936 


2006 


2077 


2149 


2221 


2296 


2369 


2444 


2621 


2698 


2676 


2756 


42 


1868 


1937 


2077 


2078 


2150 


2222 


2296 


2370 


2446 


2522 


2699 


2678 


2768 


43 


1869 


1938 


2008 


2079 


2151 


2224 


2297 


2371 


2447 


2623 


2601 


2679 


2769 


44 


1870 


1939 


2010 


2080 


2162 


2226 


2298 


2373 


2448 


2524 


2602 


2680 


2760 


45 


1871 


1941 


2011 


2082 


2163 


2226 


2299 


2374 


2449 


2626 


2603 


2682 


2762 


46 


1872 


1942 


2012 


2083 


2165 


2227 


2301 


2375 


2461 


2627 


2604 


2683 


2763 


47 


1873 


1943 


2013 


2084 


2166 


2228 


2302 


2376 


2452 


2628 


2606 


2684 


2764 


48 


1876 


1944 


2014 


2086 


2167 


2230 


2303 


2378 


2463 


2630 


2907 


2636 


2766 


49 


1876 


1945 


2015 


2086 


2153 


2231 


2304 


2379 


2464 


2631 


2608 


2687 


2767 


60 


1877 


1946 


2017 


2088 


2159 


2232 


2306 


2380 


2466 


2632 


2610 


3688 


2768 


61 


1878 


1948 


2018 


2089 


2161 


2233 


2307 


2381 


2467 


2633 


2611 


2690 


3770 


62 


1879 


1949 


2019 


2090 


2162 


2236 


2308 


2383 


2468 


2636 


2612 


2691 


3771 


63 


1880 


1960 


2020 


2091 


2163 


2236 


2309 


2384 


2469 


2636 


2614 


2692 


3772 


64 


1881 


1961 


2021 


2092 


2164 


2237 


2311 


2386 


2461 


2637 


2616 


2694 


2774 


66 


1883 


1962 


2022 


2094 


2166 


2238 


2312 


2386 


2462 


2638 


2616 


2695 


3776 


6b 


1884 


1953 


2024 


2096 


2167 


2239 


2313 


2388 


2463 


2640 


2617 


2696 


3776 


67 


1886 


1965 


20-26 


2096 


2168 


2241 


2314 


2389 


2464 


2641 


2619 


2698 


2778 


58 


1886 


1966 


2026 


2097 


2169 


2242 


2316 


2390 


2466 


2642 


2620 


2699 


2779 


59 


1887 


1967 


2027 


2098 


2170 


2243 


2317 


2391 


2467 


2644 


2621 


2700 


3780 




1 



TABLE IT. Meridianal Parts. \yf \ 


1 


42P 


1 4SP 


44« 


450 


46^ 


470 


489 


49» 


60° 


61° 


62P 


63^ 


64P 





37831 3863 


3946 


3030 


3116 


3303 


3292 


3383 


3474 


3669 


3666 


3764 


3865 


1 


378a 


3864 


3947 


3031 


3117 


3304 


3293 


3384 


3476 


3670 


3667 


3766 


3866 


3 


3734 


3866 


3949 


3033 


3118 


3306 


3295 


3386 


3478 


3573 


3668 


8767 


8869 


3 


3786 


3867 


3960 


3034 


3130 


3307 


3396 


3387 


3479 


3678 


3670 


3769 


8870 


4 


3787 


3869 


3951 


3036 


3131 


3309 


3398 


3388 


3481 


3575 


3673 


3770 


3871 


6 


3788 


3870 


3963 


3037 


3133 


3310 


3399 


3390 


3483 


3577 


3673 


3772 


8873 


6 


3790 


3871 


3964 


3038 


3133 


3313 


3301 


3391 


3484 


8678 


8675 


3774 


8876 


7 


3791 


3873 


3956 


3040 


3136 


3313 


3302 


3393 


3485 


3680 


3677 


8776 


8877 


8 


3793 


3874 


3967 


3041 


3137 


3314 


3303 


3394 


3487 


3683 


3678 


3777 


8878 


9 


3794 


3875 


3968 


3043 


3139 


3316 


3306 


3396 


3488 


3688 


3680 


8779 


8880 


10 


3795 


3877 


3960 


3044 


3130 


3317 


3306 


3397 


3490 


3585 


3681 


3780 


8883 


11 


3797 


3878 


3961 


3046 


3131 


3319 


3308 


3399 


3492 


3586 


3683 


3783 


8883 


IS 


3798 


3880 


3963 


3047 


3133 


3330 


3309 


3400 


3493 


3688 


3685 


8784 


8886 


13 


3799 


3881 


3964 


3048 


3134 


3333 


3311 


3403 


3495 


3690 


3686 


3786 


8887 


14 


3801 


3883 


3966 


3060 


3136 


3334 


3312 


3403 


3496 


3591 


3688 


3787 


8889 


15 


3803 


3884 


3967 


3051 


3137 


3326 


3314 


3406 


3498 


3693 


3690 


8799 


8890 


16 


3803 


3885 


3968 


3063 


3139 


3336 


3316 


3407 


3499 


3694 


3691 


8790 


3893 


17 


3805 


3886 


3970 


3054 


3140 


3338 


3317 


3406 


3501 


3696 


3693 


3793 


8894 


18 


3806 


3888 


3971 


3066 


3143 


3339 


3319 


3410 


3603 


3598 


3695 


8794 


8895 


19 


3807 


3889 


3973 


3057 


3143 


3331 


3330 


3411 


3504 


3699 


3696 


8796 


8897 


20 


3809 


3891 


3974 


3058 


3144 


3333 


3333 


3413 


3606 


3601 


3698 


3797 


8899 


31 


3810 


3893 


3975 


3060 


3146 


3234 


3323 


3414 


3607 


3603 


3699 


3799 


8901 


33 


3811 


3893 


3976 


3061 


3147 


3336 


3326 


3416 


3609 


3604 


3701 


3800 


3903 


33 


3813 


3895 


3978 


3063 


3149 


3337 


3326 


3417 


3510 


3606 


3703 


3803 


3904 


34 


3814 


3896 


3979 


3064 


3160 


3338 


3328 


3419 


3513 


3607 


3704 


8804 


8906 


35 


3815 


3897 


3961 


3065 


3163 


3240 


3339 


3430 


3614 


3609 


3706 


3806 


8907 


36 


3817 


3899 


3983 


3067 


3153 


3241 


3331 


3432 


3615 


3610 


3708 


3807 


8909 


37 


3818 


3900 


3983 


3068 


3166 


3242 


3332 


3423 


3517 


3613 


3709 


3809 


3911 


38 


3830 


3903 


3965 


3070 


3156 


3244 


3334 


3426 


3518 


3614 


3711 


3811 


3918 


39 


3831 


3903 


3966 


3071 


3157 


3246 


3335 


3427 


3620 


3615 


3713 


3813 


3914 


30 


2833 


3904 


3988 


3073 


3159 


3247 


3337 


3428 


3521 


3617 


3714 


3814 


3916 


31 


3834 


3906 


3989 


3074 


3160 


3248 


3338 


3430 


3523 


3618 


3716 


3816 


8918 


33 


3835 


3907 


3991 


3076 


3163 


3260 


3340 


3431 


3526 


3630 


3717 


3817 


8919 


83 


3836 


3908 


3993 


3077 


3163 


3261 


3341 


3433 


3636 


3633 


3719 


3819 


8931 


34 


3838 


3910 


3993 


3078 


3166 


3263 


3343 


3434 


3528 


3633 


3731 


3831 


8933 


35 


3839 


3911 


3996 


3080 


3166 


3264 


3344 


3436 


3629 


3636 


3733 


3833 


3935 


36 


3830 


3913 


3996 


3081 


3168 


3266 


3346 


3437 


3531 


3636 


3734 


3834 


3936 


37 


3833 


3914 


3908 


3083 


3169 


3257 


3347 


3439 


3532 


3638 


3736 


3836 


3938 


38 


3833 


3915 


3999 


3084 


3171 


3359 


3349 


3440 


3534 


3630 


3737 


3837 


3930 


39 


3834 


3917 


3000 


3085 


3173 


3260 


3360 


3442 


3636 


3631 


3739 


3839 


3933 


40 


3836 


3918 


3003 


3087 


3173 


3262 


3362 


3643 


3637 


3638 


3731 


3831 


8988 


41 


3837 


3919 


3003 


3088 


3175 


3263 


3353 


3446 


3539 


3634 


3733 


3833 


8936 


43 


3839 


3931 


3005 


3090 


3176 


3266 


3355 


3447 


3640 


3636 


3734 


3834 


3937 


43 


3840 


3933 


3006 


3091 


3178 


3266 


3356 


3448 


3542 


3638 


3736 


3836 


8988 


44 


3841 


3934 


3007 


3093 


3179 


3268 


3358 


3450 


3543 


3639 


3737 


3888 


8940 


46 


3843 


3936 


3009 


3094 


3181 


3269 


3359 


3551 


3646 


3641 


3739 


3889 


3943 


46 


3844 


3936 


3010 


3095 


3183 


3271 


3361 


3453 


3647 


3643 


3741 


3841 


8944 


47 


3845 


3938 


3013 


3097 


3184 


3272 


3363 


3454 


3648 


3644 


3743 


8848 


3946 


48 


3847 


3939 


3013 


3098 


3186 


3274 


3364 


3466 


3560 


3646 


8744 


8844 


3947 


49 


3848 


3931 


3014 


3100 


3187 


3276 


3365 


3457 


3661 


3647 


8746 


8846 


8949 


60 


3849 


3933 


3016 


3101 


3188 


3377 


3367 


3459 


3553 


3649 


3747 


8848 


8951 


51 


3851 


3933 


3017 


3103 


3190 


3278 


3368 


3460 


3566 


3661 


3749 


3849 


3953 


53 


3853 


3935 


3019 


3104 


3191 


3280 


3370 


3463 


3566 


3663 


3760 


3861 


3964 


53 


3854 


3936 


3030 


3105 


3193 


3281 


3371 


3464 


3558 


3664 


3762 


3858 


3966 


54 


3856 


3937 


3031 


3107 


3194 


3283 


3373 


3466 


3669 


3666 


3764 


3854 


8968 


56 


3866 


3939 


3033 


3106 


3195 


3284 


3374 


3467 


3661 


3657 


3765 


3866 


8969 


66 


3858 


3940 


3034 


3110 


3197 


3286 


3376 


3468 


3663 


3659 


3757 


3868 


8961 


57 


3859 


3943 


3036 


3111 


3198 


3287 


3378 


3470 


3564 


3660 


3759 


3860 


3963 


58 


3860 


3943 


3037 


3113 


3300 


3289 


3379 


3471 


3666 


3663 


3760 


3861 


8964 


59 3863 


3944I 


3039 


3114 


3301 


3290 


3381 


3473 


3567 


3664 


3763 


3868 


3966 





08 



Meridianal Parte. 



TABLBIY. 




1 

3 
8 

4 
6 
6 
7 
8 
9 



10 
11 
13 
18 
14 
16 
16 
17 
18 
19 

30 
31 
33 
33 
34 
35 
36 
37 
38 
39 

80 
31 
33 
33 
34 
36 
36 
37 
38 
39 

40 
41 
43 
43 
44 
45 
46 
47 
48 
49 

60 
61 
53 
53 
54 
56 
56 
57 
68 
69 



8966 
8987 
8989 
8991 
8993 
8994 
8996 
8998 
3999 
4001 

4003 
4005 
4006 
4008 
4010 
4013 
4014 
4016 
4017 
4019 

4031 
4033 
4034 
4026 
4038 
4039 
4031 
4033 
4036 
4037 

4038 
4040 
4043 
4044 
4046 
4047 
4049 
4051 
4053 
4054 

4066 
4068 
4060 
4061 
4063 
4066 
4067 
4069 
4070 
4073 



4074 
4076 
4077 
4079 
4061 
4063 
4086 
4086 
4068 
4060 

4093 
4094 
4096 
4097 
4099 
4101 
4103 
4104 
4106 
4106 

4110 
4113 
4113 
4116 
4117 
4119 
4131 
4133 
4134 
4136 

4138 
4130 
4132 
4133 
4135 
4137 
4189 
4141 
4143 
4144 

4146 

4148 
4160 
4163 
4153 
4166 
4157 
4169 
4161 
4162 

4164 
4166 
4168 
4170 
4172 
4173 
4175 
4177 
4179 
4181 



4188 
4184 
4186 
4188 
4190 
4193 
4194 
4196 
4197 
4199 

4303 
4303 
4306 
4307 
4308 
4310 
4212 
4314 
4316 
4318 

4330 
4331 
4223 
4226 
4227 
4229 
4331 
4233 
4334 
4336 

4338 
4340 
4342 
4244 
4246 
4347 
4249 
4361 
4253 
4256 

4257 
4259 
4250 
4262 
4264 
4266 
4268 
4270 
4272 
4374 

4275 
4277 
4279 
4281 
4283 
4285 
4287 
4289 
4391 
4392 



M^ 



4394 
4396 
4398 
4800 
4803 
4804 
4806 
4806 
4809 
4811 

4818 
4315 
4317 
4819 
4331 
4833 
4825 
4327 
4838 
4330 

4833 
4334 
4336 
4338 
4340 
4342 
4344 



4346 
4347 
4349 

4361 
4353 
4355 
4357 
4369 
4361 
4363 
4365 
4367 
4369 

4370 
4372 
4374 
4376 
4378 
4380 
4382 
4384 
4386 
4388 

4390 
4392 
4394 
4396 
4898 
4399 
4401 
4403 
4405 
4407 



4439 
4431 
4438 
4434 



4436 
4438 
4440 
4443 
4444 



4446 

4448 
4450 
4463 
4454 
4466 
4468 
4460 
4462 
4464 
4466 

4468 
4470 
4472 
4474 
4476 
4478 
4480 
4482 
4484 
4486 

4488 
4490 
4492 
4494 
4495 
4497 
4499 
4601 
4503 
4505 

4507 
4509 
4511 
4513 
4515 
4517 
4619 
4621 
4623 
4626 



eop 



4627 
4629 
4631 
4633 
4636 
4637 
4539 
4541 
4643 
4646 

4647 
4549 
4661 
4663 
4655 
4557 
4569 
4662 
4564 
4566 

4668 
4570 
4572 
4674 
4676 
4578 
4680 
4582 
4584 
4686 

4588 
4590 
4592 
4594 
4596 
4598 
4600 
4602 
4604 
4606 

4608 
4610 
4612 
4614 
4616 
4618 
4620 
4623 
4625 
4627 

4629 
4631 
4633 
4635 
4637 
4639 
4641 
4643 
4646 
4647 



61° 

4649 
4661 
4663 
4655 
4657 
4660 
4662 
4664 
4666 
4668 

4670 
4672 
4674 
4676 
4678 
4680 
4682 
4684 
4687 
4689 

4691 
4693 
4695 
4697 
4699 
4701 
4703 
4705 
4707 
4710 

4712 
4714 
4716 
4718 
4720 
4722 
4724 
4726 
4728 
4731 

4733 
4736 
4736 
4739 
4741 
4743 
4745 
4747 
4750 
4752 

4754 
4766 
4758 
4760 
4762 
4764 
4766 
4769 
4771 
4773 



4796 

4798] 

4801 

4806 

4806 

4807 

4809 

4811 

4814 

4816 

4818 
4820 
4822 
4824 
4826 
4829 
4831 
4833 
4835 
4837 

4839 
4842 
4844 
4846 
4848 
4850 
4852 
4855 
4857 
4869 

4861 
4863 
4866 
4868 
4870 
4872 
4874 
4876 
4879 
4881 

4883 
4886 
4887 
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4894 
4896 
4898 
4901 
4903 
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4906 
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4909 
4912 
4914 
4916 
4918 
4920 
4923 
4925 

4927 
4929 
4931 
4934 
4936 
4938 
4940 
4943 
4945 
4947 

4949 
4961 
4954 
4966 
4968 
4960 
4963 
4965 
4967 
4969 
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4974 
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4961 
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4986 
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6903 
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6926 
6928 
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6951 
5964 
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6960 
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6969 
6972 
6975 
5978 
5981 
6984 
6986 
6989 
6992 

6996 
6998 
6001 
6004 
6007 
6010 
6013 
6016 
6019 
6022 

6026 
6028 
6031 
6034 
6037 
6040 
6043 
6046 
6049 
6052 

6065 
6068 
6061 
6064 
6067 
6070 
6073 
6076 
6079 
6082 

6085 
6088 
6091 
6094 
6097 
6100 
6103 
6106 
6109 
6113 

6115 
6118 
6131 
6134 
6127 
6130 
6183 
6136 
6140 
6143 
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6146 
6149 
6163 
6156 
6168 
6161 
6164 
6167 
6170 
6173 

6177 
6180 
6183 
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6193 
6195 
6198 
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6208 
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6214 
6217 
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6226 
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6443 
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6473 
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6480 
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6497 
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6604 
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6634 
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6538 
6541 
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6565 
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6666 

6669 
6673 
6676 
6579 
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6586 
6690 
6593 
6697 
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6603 
6607 
6610 
6614 
6617 
6631 
6634 
6638 
6631 
6636 

6639 
6643 
6646 
6649 
6663 
6666 
6660 
6663 
6667 
6670 

6674 
6677 
6681 
6685 
6688 
6693 
6695 
6699 
6703 
6706 

6710 
6713 
6717 
6730 
6734 
6738 
6731 
6736 
6738 
6742 



74° 

6746 
6749 
6763 
6767 
6760 
6764 
6768 
6771 
6776 
6779 

6783 
6786 
6790 
6793 
6797 
6801 
6804 
6808 
6813 
6816 

6819 
6833 
6836 
6830 
6834 
6838 
6841 
6846 
6849 
6863 

6866 
6860 
6864 
6868 
6871 
6876 
6879 
6883 
6886 
6890 

6894 
6898 
6901 
6906 
6909 
6913 
6917 
6930 
6934 
6938 

6933 
6936 
6940 
6943 
6947 
6961 
6956 
6959 
6963 
6966 



76° 



6970 
6974 
6978 
6983 
6986 
6990 
6994 
6997 
7001 
7006 

7009 
7013 
7017 
7031 
7035 
7039 
7033 
7037 
7041 
7045 

7048 
7063 
7056 
7060 
7064 
7068 
7073 
7076 
7080 
7084 

7088 
7093 
7096 
7100 
7104 
7106 
7113 
7116 
7138 
7134 

7138 
7133 
7136 
7140 
7146 
7149 
7153 
7157 
7161 
7165 

7169 
7173 
7177 
7181 
7185 
7189 
7194 
7198 
7303 
7306 



76P 

7210 
7214 
7218 
7222 
7227 
7231 
7236 
7339 
7348 
7247 

7263 
7356 
7360 
7364 
7368 
7373 
7377 
7381 
7386 
7389 

7394 
7396 
7303 
7306 
7311 
7315 
7319 
7333 
7338 
7333 

7336 
7341 
7346 
7349 
7353 
7358 
7363 
7366 
7371 
7376 

7379 
7384 
7388 
7393 
7397 
7401 
7406 
7410 
7414 
7419 

7433 
7437 
7432 
7436 
7441 
7445 
7449 
7454 
7468 
7468 



7612 
7616 
7621 
7626 
7630 
7635 
7439 
7544 
7648 
7663 

7557 

7662 

7566 

7671 

7576 

75801 

7586 

7689 

7694 

7599 

7603 
7608 
7612 
7617 
7623 
7636 
7631 
7636 
7640 
7646 

7650 
7664 
7669 
7664 
7668 
7673 
7678 
7683 
7687 
7693 

7697 
7703 
7706 
7711 
7716 
7731 
7726 
7730 
7735 
77401 
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7746 
7749 
7764 
7769 
7764 
7769 
7774 
7778 
7783 
7788 

7793 
7798 
7803 
7808 
7813 
7817 
7821 
7827 
7832 
7837 

7842 
7847 
7862 
7867 
7862 
7867 
7872 
7877 
7883 
7887 

7893 
7897 
7903 
7907 
7913 
7917 
7922 
7937 
7933 
7937 

7943 
7948 
7963 
7958 
7963 
7968 
7973 
7978 
7983 
7989 

7994 
7999 
8004 
8009 
8914 
8030 
8036 
8030 
8036 
8040 
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8046 
8061 
8066 
8061 
8067 
8072 
8077 
8063 
8068 
8093 

8099 
8104 
8109 
8116 
8130 
8126 
8131 
8186 
8141 
8147 

8162 
8158 
8163 
8168 
8174 
9179 
8185 
8190 
8196 
8201 

8207 
8212 
8218 
8233 
8229 
8234 
8340 
8346 
8261 
8256 

8262 
8267 
8273 
8279 
8284 
8290 
8396 
8301 
8307 
8313 

8318 
8334 
6339 
8836 
8341 
8347 
8363 
8368 
8364 
8869 
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8376 
8881 
8387 
8393 
8398 
8404 
8410 
8416 
8422 
8437 

8433 
8439 
8445 
8461 
8467 
8463 
8469 
8474 
8480 
8486 

8492 
8496 
8604 
6610 
8516 
8533 
8638 
8534 
8640 
8646 

8553 
8568 
8565 
8671 
8577 
8583 
8689 
8696 
8601 
8607 

8614 
8630 
8636 
8633 
8638 
8644 
8661 
8657 
8663 
8669 

8676 
8683 
8688 
8696 
8701 
8707 
8714 
8720 
8726 
8788 



100 Heridiaital Parts. TABLE lY. | 




1 
"0 


8789 


82° 
9146 


83° 
9606 


84° 
10137 


8fi° 




10766 




1 


8746 


9163 


9614 


10146 


10776 






3 


8763 


9160 


9633 


10166 


10788 






8 


8768 


9167 


9681 


10166 


10799 




• 


4 


8765 


9174 


9689 


10176 


10611 


• 




5 


8771 


9183 


9647 


10186 
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9370 
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10834 
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9774 


10384 
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10344 
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9337 
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